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Negligible Stray radiation. 





Output accuracy — | db. 
Monitored by crystal vo'tmcter. 


Directly calibrated. 


SEND FOR ILLUSTRATED BROCHURE. 


CALIBRATION ACCURACY: E 
Directly Calibrated 


R.F. OUTPUT: Monitored by crystal 
voltmeter continuously variable from IuV 
to lOC mV. Accuracy Idb 


ATTENUATION: Constant impedance 
system embodying a matched 75 ohms 
transmission line 


STRAY FIELD: Negiigible. 
MODULATION: 400 cs monitored by 


ADVANCE COMPONENTS LTD., BACK RD., SHERNHALL §T., pn - 
WALTHAMSTOW, LONDON, €E.1!7. Phone : LARkswood 43€6.7-8 crysta! vcltmeter up to 60", 
Frovision for External Modulation 
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ANTI-INTERF 


ie 


BICC are world famous 

for their electrical and radio 
products. The Anti-Interference 
Aerial maintains this reputation. 


What it does It has been specially designed to alleviate inter- 


ference caused by radiation from electrically- 
operated transport, vehicle ignition systems, electrical appliances 
using commutator motors, lighting systems, etc. A high signal 
level is obtained and this ensures better listening on all broadcast 





wave-lengths, giving maximum choice of programmes against a 
quiet background. 


What it is A 60-ft. polythene-protected dipole complete 


with insulators and matching transformer, 80-ft. 
coaxial screened downlead with polythene plug moulded to each 
end, and a receiver transformer. All the necessary components 
for the Aerial are included in the complete kit. 


Write for Publication No.221N giving further information. 


Obtainable only from recognised dealers. £6 e 18 e 0 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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advertisement. 
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in the following issue. 


CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. 
in the case of advertisements in ‘Situations Wanted” when it is added free of charge. 
Replies to box numbers should be addressed to: 


Box number 2/- extra, except 
A remittance must accompany the 


Morgan Bros. (Publishers) Ltd., 28, Essex Street, Strand 
London, W.C.2 and marked ‘‘Electronic Engineering.”” Advertisements must be received before the 10th of ‘the month for ‘insertion 





OFFICIAL APPOINTMENTS 
Vacancies advertised are restricted to persons or employ- 
s excepted from the provisions of the Control of 
Engagement Order, 1947. 


ELECTRICAL BRANCH, Royal Navy. The 
Admiralty announces an extension of the scheme for 
hort Service Commissions in the Electrical Branch of 
the Royal Navy to include all candidates who have had 
revious commissioned service in the R.N.V.R., the 
‘Army or the Royal Air Force on electrical and radio 
duties, and civilians who possess suitable qualifications. 
Period of service will be five years on the Active List, 
to be followed by four years on the Emergency List. 
Officers who complete the full period of five years on 
the Active List will be eligible for a gratuity of £500, 
tax free, and in certain conditions, pro rata for shorter 
periods. As in the previous scheme, R.N.V.R. officers 
will be entered in the substantive rank and with the 
same amount of seniority that they held at the time 
of their release. For ex-Army and ex-Royal Air 
Force officers seniority will be calculated as for former 
R.N.V.R. officers of relative rank. Ex-Royal Air 
Force and ex-Army candidates must be under the age 
of 35 on the date of entry. Civilian candidates must 
be under 30 years of age and have obtained a Degree 
or Diploma from a recognised University in Electrical 
Engineering or Science, or be Graduate Members of the 
1LE.E. or Brit.1.R.E., or have passed such examinations 
as are recognised by the above-mentioned bodies as 
qualifications for Graduate Membership. They will be 
entered in the rank of Acting Sub-Lieutenant (L), 
R.N., and promotion to the rank of Lieutenant (L), 
R.N., may be expected after a total of three years’ 
service. For further details, application should be 
made to The Director of Naval Electrical Department, 
Admiralty, Queen Anne’s Mansions, St. James’s Park 
London, $.W.1. 


UNIVERSITY COLLEGE, London, requires an 
Assistant Lecturer in the Department of Electrical 
Engineering on the heavy current side. Duties to 
commence 1st October, 1949, or as soon thereafter as 
possible. Salary, £450-£550, according to qualifications 
and experience. Applications, to be received by 15th 
August, should be addressed to the Secretary, 
University College, London, Gower Street, W.C.1, 
from whom further particulars may be obtained. 


MAIDA VALE HOSPITAL for Nervous Diseases’ 
London, W.9 Applications are invited for the appoint- 
ment of Electronic Engineer. Candidates who are 
| Graduates or Associates of the British Institute of 
» Radio Engineers and ex-radar mechanics, will have 
preference. The person appointed will be required to 
design, construct and operate electronic medical 
equipment. Salary not less than £450 per annum, 
depending on age and experience. Applications with 
full particulars, and copies of two testimonials, to the 
Secretary as soon as possible. 


SITUATIONS VACANT 


FERRANTI LTD., Moston Works, Manchester, have 
staff vacancies for Engineers and Scientists of all 
grades in connexion with long-term development 
work on an important radio tele-control project. 
fi) Development Group Leaders: To take charge of 
large development groups. Qualifications include a 
good Degree ir. Physics or Electrical Engineering 
and extensive past experience in charge of development 
projects. Salary according to qualifications and 
experience in the range £1,200-£1,600 p.a. (ii) Develop- 
ment Section Leaders: To take charge of sections in 
the above groups. Qualifications include a good 
Degree in Physics or Electrical Engineering or its 
equivalent and previous experience in any of the 
following fields :—radar, radio communications, micro- 
waves, servo control, electronic circuits, etc. Salary 
according to qualifications and experience in the 
range £750-£1,200 p.a. (iii) Engineers and Scientists : 
Qualifications include a good Degree in Physics or 
Electrical Engineering or its equivalent and, prefer- 
ably, some experience in the fields given in Section (ii). 
Salary according to age and experience in the range 
£400-£750 p.a. (iv) Designers and Draughtsmen : 
Section Leaders, Draughtsmen and Junior Draughts- 
men. Preferably with previous experience in the 
telecommunications or allied fields. Salaries based on 
A.S.E.D. rates, with allowances for special qualifica- 
tions and experience. The Company has a Staff 
Pension Scheme and will give housing assistance in 
special cases. Applicatiofis should be addressed to 
the Staff Manager, Ferranti Ltd., Hollinwood, Lancs. 


A 














QUALIFIED PHYSICIST required for instrument 
research by West London Aero Engine Manufacturers. 
Experience of industrial instrumentation desirable. 
Full details of qualifications, experience and salary 
required, to Box No. A.C. 551 c/o The Central News, 
17 Moorgate, London, E.C.2. 


WANTED IMMEDIATELY, Electronic Draughts- 
men with at least 2/3 years’ experience in diagrams, 
mechanical design and layout of electronic industrial 
and laboratcry equipment; permanent positions 
offered in the Midlands area; salary according to 
qualifications and experience. Apply, quoting Ref. 
D6/58, to Box No. 549, E.E 


RADIO—Electronics Technician required by Boots 
Pure Drug Co., Ltd., Nottingham, for their plant 
laboratory, with ability to construct, service, and 
trace faults in industrial electronic equipment, such 
as pH meters, D.C. and A.C. amplifiers and R.F. 
generators. Applications, stating salary required, to 
Personnel Manager, Station Street, Nottingham. 


JUNIOR PHYSICISTS are required by Boots Pure 
Drug Co., Ltd., Nottingham, for two positions in their 
plant laboratory. (1) Physics Section: Candidates 
should possess a Degree in Physics and have had some 


‘previous experience in dust filtration problems, 


industrial electronics and general physical measure- 
ments. (2) Instrument Section: Eandidates should 
possess a Degree in Physics or Engineering and have 
had some previous experience in industrial instrumenta- 
tion. Salary in the range of £450-£550, depending on 
qualifications and experience. Applications to Per- 
sonnel Manager, Station. Street, Nottingham. 


INTERESTING VACANCIES now exist for Senior, 
Intermediate and Junior Draughtsmen on industrial 
electronic equipment with large well-known engineering 
company in their office near Victoria Station, London. 
Please quote Ref. D6/59 and apply, giving full 
particulars to Box 552, E.E. 


GRADUATE ENGINEERS required for high- 
frequency cable testing. Apply, giving age, experience 
and salary required, to Ref. 423, Siemens Brothers & 
Co., Ltd., Woolwich, S.E.18. (By permission of 
M. of L. and Nat. Service, under Control of Engagement 
Order, 1947.) 

MANCHESTER Firm of Industrial Electronic 
Consultants require a Designer-Draughtsman_ con- 
versant with electronic instruments for small-scale 
production. Reply, giving full details of age, past 
service and experience, Box 586, E.E. 

FERRANTI, LTD., have vacancies at their Radio 
Works, Moston, Manchester, for :—(a) Senior Develop- 
ment Engineers with responsible experience in the 
design of domestic television receivers; (b) Develop- 
ment Engineers with Honours Degree or equivalent 
technical qualifications, preferably with some experi- 
ence of a circuit designing for domestic television and 
radio. Salary, on a liberal basis, according to qualifica- 
tions and experience. Application forms from the 
Staff Manager, Ferranti, Ltd., Hollinwood, Lancs. 


MOTOR DESIGNER required to take charge of a 
F.H.P. Electric Motor Design Laboratory of a firm in 
the Home Counties, manufacturing industrial induction 
motors and domestic equipment. Applicants should 
have Electrical Degree or equivalent qualifications 
and works experience. Salary, {600 to {800 per annum 
to commence. Apply, with details of age, education 
and experience, to Box 588, E.E. 

CHIEF TEST and Service Engineer at a salary of 
£550-£650 per annum, and Service and Installation 
Engineer at £8 per week, required by industrial 
electronic equipment manufacturers. Reply to 
Box 570, E.E. 


MARCONI’S Wireless Telegraph Co., Ltd., require 
men with good qualifications and experience in 
Vacuum Physics or in Radar Engineering and Design. 
Degree or Higher National Certificate essential. Send 
full details, stating salary required and quoting 
Ref. 247, to Central Personnel Services, English 
Electric Co. Ltd., 24/30, Gillingham Street, West- 
minster, S.W.1. 


EXPERIENCED Circuit Development Engineers, 
preferably with Degree in Electrical Engineering or 
Physics and experience in development of radio, 
television and U.H.F. equipment, are required by large 
manufacturer in the East London area. Kindly state 
full details, including age, experience and salary 
required, to Box 574, E.E. 


VACANCIES occur for Marine Radar Servicing 
Engineers at home and abroad. Applicants should 
have held at least Senior N.C.O. radar mechanic rank 
during the war, and be capable of fault-finding on their 
own. Applicants must be prepared to travel as 
required. State whether single or married, age, home 
address and all qualifications. Box 582, E.E. 


APPLICATIONS are invited for the post of Radar 
Engineer to specialise in Marine Installations. 
Applicant should have either held a commission as 
Radar Officer during the war or been actively engaged 
on radar development in industry. The post calls for 
energy willingness to travel, and ability to handle 
installations and repairs in a capable manner. W. H. 
Smith & Co. Elec, Eng., Ltd., Praed Road, Trafford 
Park Manchester. 


INSTRUMENT DESIGNERS required for develop- 
ment laboratory for electrical remote indication and 
control equipment, and with experience of electronic 
circuits and methods, or alternatively, of A.C. metering 
equipment. Applications, giving details of training, 
experience and salary, to Labour Manager, Measure- 
ment Ltd., Tameside Works, Dobcross, Nr. Oldham. 


INTERESTING VACANCIES in Industrial Elec- 
tronics Department of large Midland firm exist for 
men with experience in servo mechanisms, radar, 
electronic computors or electronic heating. Apply, 
quoting Ref. 700, to Box 565, E.E 


ELECTRONIC ENGINEER to control production 
of high-grade electronic equipment. Technical 
qualifications to Higher National Certificate standard. 
Production experience of radar or electronic equip- 
ment essential. Write, stating salary required, to 
Box W5044, A. K. Advtg., 212a, Shaftesbury Avenue, 
London, W.C.2. 


DRAUGHTSMEN with experience in the layout and 
mechanical design of commercial radio and television 
receivers required by large Company in the East 
London area. Senior and Junior Draughtsmen with 
experience of this work are invited to submit full 
details of qualifications and experience to Box 569, 
E.E. 


A PROGRESSIVE Company in London area engaged 
in the manufacture of radio and electrical components, 
require a Chief Research Engineer. Applicant must 
possess a good Degree in Physics or Electrical Engineer- 
ing and have had several years’ industrial experience. 
Knowledge of inorganic dielectrics and insulating 
materials would be an advantage. There are excellent 
prospects; initial salary, £700 per annum. Box 572, 


REQUIRED by large manufacturer of communica- 
tions equipment near London, an experienced Designer 
of R.F. Inductances and Audio and Power Trans- 
formers to take charge of development and production 
of prototype components of this type for high-grade 
communication equipment. Engineers having experi- 
ence of either R.F. or Audio components will be con- 
sidered. Kindly state full details to Box 573, E.E. 


ELECTRICAL ENGINEER for development of 
remote control and servo equipment. Preferably with 
Degree in Physics or Electrical Engineering. +»Know- 
ledge of magslips, electronics, small motors, electrical 
design and mathematics. Salary approximately {600 
per annum. 5-day week. Modern factory Beckenham 
area. Apply, giving full details of age, education and 
experience, to Box 575, E.E. 

DRAUGHTSMAN, aged 24/30, for electro-mechanical 
instrument design and detailing. Some electronic 
experience an advantage. Must have sound knowledge 
of workshop practice. Education to Higher National 
Certificate standard. Progressive position. 5-day 
week. Modern factory Beckenham area. Salary, 
£400-£450 per annum, according to age and experience. 
Apply, giving full details of age, etc., to Box 576, E.E. 
PHYSICIST for work on radio and_ television 
circuitry required by large manufacturer in London 
area. Applicants should preferably have Degree in 
Physics and experience in the above field. The 
position is a senior one, permanent and pension scheme 
is in operation. Please reply to Box 578, E.E. 
EXPERIENCED ENGINEER required for develop- 
ment of high-frequency heating equipment by electrical 
engineering firm in the Midlands. Write, stating 
technical qualifications, experience and salary required, 
to Box 569, “T. & G.,” ror, St. Martin’s Lane, 
London, W.C.2. 
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CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





ENGLISH ELECTRIC require Research Engineers 
with good qualifications and at least two to three year’s 
experience in electronics for work in their Nelson 
Research Laboratories at Stafford. Apply, quoting 
Ref. 251, to Central Personnel Services, English 
Electric Co. Ltd., 24/30, Gillingham Street, West- 
minster, S.W.1. 


SENIOR RESEARCH ENGINEERS required by 
firm in London area. Required to work on V.H.F. 
radio communication projects, and special electronic 
instruments. Applicants should have good qualifica- 
tions and industrial experience. Extremely good 
positions offered to keen men with ideas and ability 
to develop equipment to the stage of production. 
Write, in confidence, stating age, full details of 
qualifications, experience and salary required, to Chief 
Engineer, Box 577, E.E. 


REQUIRED by large manufacturing Company near 
London, Electronic Development Engineer with 
practical experience of servo-mechanisms, radar, 
direction finding, etc. Forward full particulars and 
salary required to Box 571, E.E. 


X-RAY TUBES and E. H. I. Valves. If you are a 
young electrical engineer with Science, Physics or 
Engineering Degree—or equivalent qualification— 
interested in electronic research and with some experi- 
ence of vacuum or H.F. techniques, and have completed 
your National Service training, here is an opportunity 
to join a progressive team in a rapidly growing industry 
as an Assistant Development Engineer. You should 
apply at once by letter to Chief Engineer, Newton 

ictor Ltd., 68, Ballards Lane, Finchley, London, N.3, 
giving full personal particulars and indicating salary 
required. 


ENGINEER required for the development of electrical 
test equipment. Large Engineering Company, West 
London area. Higher National Certificate (Electrical) 
essential. Good practical training with preferably an 
engineering apprenticeship and a knowledge of elec- 
tronic test equipment. Good prospects for young 
man. Write, giving age and details of experience, to 
7 dae Officer, Hoover Ltd., Perivale, Greenford, 
iddx. 


CHIEF RADIO ENGINEER Designer; Manager 
Predictor Production ; General Manager; Senior and 
Junior Draughtsmen, also women Tracers; Senior 
Test Engineer Transmitters and Receivers; Develop- 
ment Engineers for radio, radar, electronics, quartz 
crystals, speakers, magslip uses; Service Engineers 
P.A., radio, also television and radar (home and 
abroad); Wiremen skilled and semi-skilled) ; radar. 
instruments, prototype radio, deaf-aid; F 
Repairers; Planning, Production Engineers, Rate- 
fixers, Process Chemists for Electro-Chemical process, 
North England ; also other positions vacant. Consult 
Technical Employment Agency, 179, Clapham Road, 
S.W.9. BRIxton 3487. 


ELECTRONICS ENGINEER required by firm in 
South Wales for original design and development of 
control gear. State full particulars of experience, age 
and salary required, to Box 583, E.E 


OSCILLOGRAPH SALES Engineer required for 
increased sales drive on well-established new type 
instrument. Good technical knowledge essential, 
coupled with good appearance and personality. All 
areas of U.K. operating from London Head Office. 
Reply, stating qualifications, experience and salary 
required. No commission. Own var an asset. Write 
Box W5223, A. K. Advtg., 212a, Shaftesbury Avenue, 
London, W.C.z2. 


MAINTENANCE ENGINEERS required by The 
Morgan Crucible Co. Ltd. Successful applicants should 
have Higher National Certificate or equivalent and 
some experience in service and maintenance of electrical 
equipment with particular reference to programme 
controllers and general electrical furnace control 
equipment. Age 25-30. Write, giving details of age, 
qualifications, experience and salary required, to the 
Staff Manager, Battersea Church Road, S.W.11. 


TWO RADIO ENGINEERS required to lead teams 
engaged on the development of high-class radio com- 
munication equipment. Suitable men should possess 
an Honours Degree in Electrical Engineering or 
Physics and should have civilian or Forces experience 
in the design of communications equipment. Kindly 
state full details of experience, including age and 
salary required, to Box 593, E.E 


JUNIOR ENGINEER, Graduate or Higher National 
Certificate in Electrical Engineering, required for 
development work on radio capacitors in London area. 
Salary, £350. Box 592, E.E. 


Electronic Engineering | 


BRAZIL 
TELEPHONE PLANT SUPERINTENDENT 


BRITISH COMPANY, operating in Brazil, requires 
a Toll Plant Superintendent for an extensive toll 
network of voice and carrier frequency telephone 
circuits serving large and small towns in an area of 
200,000 square miles. Candidates should be about 
35 years of age, should have an Engineering Degree or 
equivalent, and wide telephone experience. The 
engagement provides for three years of service with 
four months of leave, and will be permanent for a 
man of satisfactory ability. The position is of an 
executive character with good salary. Suitable 
candidates only should write giving personal parti- 
culars and full details of education and experience to 
Box E.E. 409, at 191, Gresham House, E.C.z. 





SITUATIONS WANTED 
ENGINEER, aged 22, B.Sc.(Eng.) (Hons.), with 
factory and lecturing experience, desires post con- 
nected with electronics or telecommunications with 
real opportunity for organising and for application of 
theory to practice. Overseas post considered. Apply 
M5 T. Moxon, Air Service Training Club, Hamble, 

ants. 
JUNIOR ENGINEER (age 26) seeks post in Research 
or Development Laboratory. Good Brit.I.R.E. and 
City and Guilds Final Certificate. Box 566, E.E. 


TRAINED Electro-Encephalograph Recordist requires 
position immediately. Box 567, E.E. 


WORKS MANAGER, 39, B.Sc.(Eng.), A.M.I.E.E., 
with experience in well-known companies covering 
the manufacture of both radio equipment and electrical 
components. Box 568, E.E. 

CHARTERED Electrical Engineer, 37, A.M.I.E.E., 
Diploma Electrical Engineering. Three years’ training. 
14 years’ industrial experience, experimental, ‘design, 


development, light apparatus and _ instruments. 
Box 579, E.E. 
GEOPHYSICIST, 37, A.M.I.E.E., F.Phys., Soc. 


management field surveys. Specialist resistivity work. 
Water, bedrock and mineral investigations. Sound 
training with good field and administrative experience. 
Box 580, E.E. 

TELECOMMUNICATIONS ENGINEER, 27, 
extensive experience (P.O. and Army), O.N.C., 15 City 
and Guilds Finals in radio, transmission, telegraphy. 
Assoc.I.R.E., requires responsible experience. Develop- 
ments or installations. Box 584, E.E 


YOUNG MAN, 25, leaving College, educated B.Sc. 
(Final II) telecommunications standard, seeks pro- 
gressive post radio/electronics or the teaching thereof. 
Box 587, E.E 


AMERICAN ELECTRONICS ENGINEER, B.Sc., 
M.I.R.E., wishes to work in Great Britain. Specialist 
in electro-medical field, including EKG, EEG, with 
some knowledge of nuclear physics. Ten years’ 
experience industry, research and hospital. Would 
prefer university or hospital post with opportunity for 
part-time research. Resumé will be sent by air mail 
upon request to Box 590, E.E. 


RADIO OFFICER, 24, 8 years’ sea. Good knowledge 
Maths., Radio. Assets: keenness, hard worker. Flair 
for experiment. Box 589, E.E 


ENGINEER, 35, B.Sc.(Hons.}, A.R.C.S., A.M.Brit. 
I.R.E., varied industrial experience radio apparatus 
and small electronic devices, also 6 vears’ lecturing and 
administration, seeks development or similar post 
giving scope tor initiative and ingenuity. Box 591, 





EDUCATIONAL 
A.M.LE.E., City and Guilds, etc., on “‘ NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. 





SERVICE 
LOUDSPEAKER repairs, British, American, any 


make. Moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. 
FACILITIES for the inspection by Electronic 


Engineers of production processes invariably results in 
a worthwhile time or labour saving suggestion. May 
we have the pleasure of an invitation to your works 
with such an end in view. Spencer-West, Quay Works, 
Great Yarmouth. 

WRITE-UPS, Schematics, layouts, etc., for electronic 
sales and instructional folders. Send rough marketing/ 
technical notes to I.R.E., 13, Gainford Gardens, 
Moston, Manchester, ro. 
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CONSULTING PHYSICAL CHEMIST, om 
laboratory high academic qualifications, offers servigs 
for research and development on physical and chemicy 
problems, development of inventions, etc, Box 585, 
E.E. 


GLASSBLOWING, repetition and scientific by Haj 
Drysdale & Co. Ltd., of 58, Commerce Road, Woy 
Green, London, N.22. Phone BOWes Park 7221-2, 


—— 





FOR SALE 


WEBB’S 1948 Radio Map of World, new multi-colow 
printing with up-to-date call signs and fresh informa. 
tion; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, r1s. 6d. post gd. 


IN STOCK. Rectifiers, Accumulator Charger’ 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, ete, 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.z. GERrard 4447, 


COPPER WIRES: enamelled, tinned, Litz, cotton, 
silk covered. All gauges. B.A. screws, nuts, washers, 
soldering tags, eyelets. Ebonite and laminated 
Bakelite panels, tubes. Paxolin coil formers. Tufnol 
rod. Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. 


MAGSLIPS AND SELSYNS, many types available, 
Selsyns up to 45 Ib. perinch torque. Send for list giving 
full technical data on application. Hopton Radio, 1, 
Hopton Parade, Streatham High Road, London, 
S.W.16. STReatham 6165. 


EX-ADMIRALTY, 0.75 K.V.A. 
230/230 with totally screened secondaries. 
75 lb. 4 gns. each. Box 504, E.E. 


JACK PORTER LTD. for reliable components at 
very keen prices. Boxed 12 volt vibrators, 1s.; 6H6) 
valves, 1s.; relays, 9d.; Sprague 15uF, 750 volt 
working oil block capacitors, 7s. 6d.; 0.01 Dubilier 
mica capacitors, 2s. 6d. dozen; 6SN7 valves (twin 
triodes), 4s.; moving coil headphones, with trans- 
former and M.C. microphone, boxed complete, 10s, ; 
6SH7 valves, 2s. Send for lists, Jack Porter Ltd, 
30/31, College Street, Worcester. 


SYLVANIA 1N22-1N21 CV101 crystal diodes 3/6 ea. 
0-100 A.C., 0-1 mA. meters 12/6, EF50, VR78, VR92, 
VR65, VR65A, 4/6 each. Send your requirements, 
Amateurs Paradise, 155, Humberstone Rd., Leicester. | 


G.E.C. Industrial Sound Equipment, with microphos, 9 
speakers and automatic record changer. Output,| 
60 watts. Richards (Leicester) Ltd., Phoenix Iron | 
Works, Leicester. 


FERRANTI 7.5 KVA Voltage Regulators, moving 
coil. Input, 200-250V +8% to —12%, 45 to 66 c/s.| 
Output, 200-250V +4$%, frequency compensated; | 
new and unused, with handbook. Offered at a fraction | 
of cost price. Box 581, E.E. 

MILNES rechargeable H.T. Alkaline Accumulator, 
15 years’ life. Post inquiries to Milnes Electrical 
Engineering Co., Tayport, Fife. 

MERCURY SWITCHES are made by Hall Drysdale 
& Co. Ltd., of 58, Commerce Road, Wood Green, 
London, N.22. Phone BOWes Park 7221-2. 


ee 


Transformers, 
Weight, 








TENDER 


CORPORATION OF DUBLIN, Public Health| 
Dept. Audiometer. The Corporation of Dublin invite | 
tenders for the supply of Audiometers and ancillary | 
equipment for the investigation of hearing in school 
children. The Audiometers should be of the following 
types: (a) Group-testing. (b) Pure tone. Mains oper- 
ated—alternating current in each case. A practical 
demonstration of the Audiometers will be required. 
Tenders giving full particulars of the apparatus offered 
enclosed in sealed envelope endorsed ‘‘ Tender for 
Audiometer ”’ will be received by the City Manager, 
Finance and General Purposes Section, City Hall, 
Dublin, up to 12 noon on Saturday, zoth August, 1949. 
P. J. Hernon, City Manager and Town Clerk. 





MISCELLANEOUS 


FESTIVAL OF BRITAIN. The Council o 
Industrial Design have opened a 1951 Stock List to 
which they invite manufacturers to send photographs 
or drawings of their best products. Address to Stock 
List, Council of Industrial Design, Tilbury House, 
Petty France, London, S.W.1. 


INDEX TO ADVERTISERS 
SEE PAGE 32 
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Mullard have pleasure in offering a group of thyratrons for a wide variety of industrial applications. The 
table describes their principal features and characteristics. Full technical details can be obtained from 
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VR78, VRo2, the Communications and Industrial: Valve Department. 
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ir. tput, . J inv. - . le 2 
hoenix {rea | No. DESCRIPTION he es 
(V) (V) (A) (A) (V) (V) 
tors, moving | ‘ 
45 to 66 c/s.| A robust 2.5-amp. Mercury Vapour Triode 
ompensated ; mts? QX Thyratron for power control applications. 1000 1000 1S 2.5 16 5.0 
at a fraction | 
ccumulators, A robust 0.5-amp. Mercury Vapour Triode 
2s Electrical MTI7 an Thyratron for power control applications. 2500 5000 2.0 es 16 2.5 
[all Drysdale A Helium-filled Triode Thyratron suitable for 
Vood Green, operation at frequencies up to 150 kc’s. Specially pis 
-2. EN3I Q suitable for use in time bases, process timers, 1000 0.75 0.0! 33 6.3 
wae relays and counter circuits. 
‘ A miniature Gas-filled Tetrode Thyratron on the ; i 
blic Health 2D21 B7G base, primarily intended for use in relay 650 1300 - p* 5 re 8 6.3 
ublin invite or grid-controlled rectifier circuits. : : 
nd ancillary 
soe | A stable Cold Cathode —e having a high 
i 4 cathode current and long life. Particularly suit- " 
5 oe 1267 Sy able for relays, timers and power switching 225 ce 0.1 0.025 70 > 
>e required, operations. 
-atus offered . 
Tender for 
y Manager, 
City Hall, 
ebie: Mullard 
kK. ular 
NEWS LETTER 
C il o If you are not already on the 
ouncil of Y 
Doicecedl mail'ng list for this service of ad- 
ss to Stock vance information on new valves, THERMIGNIC VALVES AND ELECTRON TUBES 
ury House, . , 
| please write at once. When in Glasgow please visit our permanent exhibit at the Engineering Centre. 
ERS INDUSTRIAL POWER VALVES + THYRATRONS - INDUSTRIAL RECTIFIERS PHOTOCELLS 
FLASH TUBES +: ACCELEROMETERS ° HODE RAY TUBES : STABILISERS AND 
REFERENCE LEVEL TUBES °: COLD CATHODE TUBES : ELECTROMETERS, ETC. 
—__—_—_— MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVT 57 
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METAL DETECTION EQUIPMENT 


provides an additional safeguard for the quality of the product and 
eliminates the risk of fire and damage to machinery by tramp metal. 


Typical installations of the 
‘CINTEL’ INDUSTRIAL ELECTRONIC METAL DETECTOR 


Chocolate Coated Biscuits 






Dried Fruits 


Chocolate Bars 


Toilet Requisites 


Raw Rubber 


Packaged 
Confectionery 


* - 
Applications in other industries including Piastics, Tobacco, Textiles, Insulating materials, Limestone, 
Sugar cane crushing, etc. 


The ‘ Cintel’ Industrial Electronic Metal Detector has been specially designed to 
provide permanent inspection facilities with the minimum of attention. Fully auto- 
Cl NTEL matic in operation, the equipment removes the risk of error that may be present 


with visual inspection and detects both ferrous and non-ferrous metal inclusions. 





Registered Trade Mark 





CINEMA TELEVISION LIMITED 


WORSLEY BRIDGE ROAD, LONDON, S.E.26 
Telephone: HiTher Green 4600 
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THE CONSOLE 

OF THE 
METROVICK 
“*SEASCAN ”* 












VALVES 


i AVERAGE 
f CHARACTERISTIC CURVE 
‘ Curve taken with a short duration pulse, 


700 


600 
| 




















< 
E 
& 
| ya 
/ 4 
i =] 
j Cv) 
uu 
t Q 
} 3 
' < 
| 200 
RATING: 
| 100 Filament Voltage (volts) .. Ve 4.0 
Filament Current (amps) ee | 2.0 
Maximum D.C. Output Current (mA)... Ig(av)max 75 
Maximum Working Peak Inverse Voltage 
| 0 a ae (kV) ve P.LV.(max) 15.0 
| —e No Load Peak Inverse Voltage PLV( ) 178 
° * . Pe max 
The Mazda 19H1 = 4 High Vacuum Half Wave Maximum Peak Anode Current (mA) .. Ig(pk)max 600 
Rectifier with a high peak inverse voltage. Maximum Value of Reservoir Capacitor uF 0.5 
Its rugged construction makes it particularly — Value of Limiting preter 0 7 
suitable for equipment which is subjected to H.T. Switching Delay Period (Seconds)... "10 
vibration or heavy shocks, ; and one example + The maximum value of RMS working anode voltage will depend 
i of its manv applications is its use in the on the regulation of the transformer, and must be such that 
i < . the maximum P.I.V. on no load is not exceeded. 
5 *“Seascan” Radar equipment manufactured by All Maximum Ratings are absolute values, not design centres. 
the Metropolitan-Vickers Electrical Co. Ltd. LIST PRICE £1°2-°6d. 
Further details of this and other Ediswan Mazda Special Purpose Valves given on request. 
RADIO VALVES AND CATHODE RAY TUBES 
' THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, 'W.C.2 
R.A.TI2 
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The G.E.C. has always 
supplied the fullest possible 
technical data on OSRAM VALVES 


to assist designers and service engineers 
using the wide range of electronic devices 


marketed by the Company. 





Copies of data sheets embodying all details 
on Ratings, Dimensions, Operating con- 
ditions, and Characteristic curves may be 


had on specification of type required to the 


OSRAM VALVE TECHNICAL DEPT. Magnet House, Kingsway, W.C.2 


PHOTO CELLS CATHODE RAY TUBES VALVES 













THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2. 
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A direct-reading capacitance bridge that will measure 
capacitance and power factor with laboratory pre- 
cision but is built to withstand the heavy usage 
encountered in production testing. 

The quartz insulated variable air capacitance standard 
guarantees the highest accuracy and stability under 
all working conditions. 


SPECIFICATION : 
Modified Schering Bridge, double screened and direct 
reading in capacitance at any frequency between 
50c/s and 10 kc/s. Direct reading in power factor 
at 1 Kc/s; a simple correction is necessary at 
other frequencies. 


RANGES : 
Capacitance: 100 puF to 1 uF on 4 ranges. 
Power Factor: 0 to 0.05 at 1 kc/s. 





Laboratory Precision in Production Testing 





Aectronic Engineering 
















CAPACITANCE STANDARD : 

High quality quartz insulated variable air condenser with 
precision worm drive gives discrimination to 0.2 upF. 
Directly calibrated in puF from 100 to 1000; measurements 
outside the normal ranges may be made by the substitution 
method. 


ACCURACY : 
Capacitance; + 0.1% of full scale reading on all ranges. 
Power Factor: 
by direct reading: + 0.0003 + 3% of scale reading. 
by substitution: +0.00005 + 3% of scale reading. 


May we send you Publication C-104 giving full details of this and other A.C Bridges? 





Muirhead & Co. Limited, Elmers End, Beckenham, Kent. 








Tel: Beckenham 0041-2 


FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 
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practical experience to be advantageous. 


Some characteristics are indicated briefly 
below. Further details are given in pamphlet 


No. 19 available on request. 


Tube: 4” electrostatic type with optically flat 
screen and provision for direct connection to 
deflecting plates. 

Sensitivity : Maximum 15 mV/cm. 

Shifts : Instantaneous and symmetrical. 
Amplifiers : Balanced “ Y” amplifier and addi- 
tional auxiliary amplifier for “X” trace or 
independent use, e.g. beam modulation. 
Frequency response : D.C. to 5 Mc/s flat within 
+ 2 db. 








AN 
ADVANCED 
DESIG! 

IN 


OSCILLOSCOPES 


@ The new Airmec Oscilloscope has been 
designed to incorporate features found from 





Time Base : 0.5 second to 1 microsecond with 
provision for single stroke. 

Brilliancy Control: Manual, and automatic 
compensation for photography of high speed 
traces. 4 kV for extra brilliance. 

Photography : Motor operated camera provided 
for mounting above oscilloscope. Screen visible 
up to instant of exposure. 

Controls: Switches and rotary controls are 
provided to minimise need for manipulation of 
external connections. 


The instrument has been designed to have minimum 
forward dimensions and is therefore suitable for bench 
or rack mounting on the standard P.O. centres. Racks 
are available if required. 


AIRMEC LABORATORIES LTD. 


HIGH WYCOMBE: BUCKINGHAMSHIRE: ENGLAND ° Tel. High Wycombe 2060 * Cables : Commlabs 
MANUFACTURERS OF ALL TYPES OF INDUSTRIAL ELECTRONIC EQUIPMENT AND TEST GEAR 
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Valves for Research 
and Development 








More than twenty years of intensive research work lie behind 
the BTH valves now in production. Reliability in use is ensured 
by careful testing of materials and highly-skilled assembly. A 
very wide range is available, especially for radar and industrial 
applications. 


« BRITISH THOMSON-IOUSTON 


RUGBY, ENGLAND 
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SrTeCiAL PURPOSE 


VALVES 


ESA 892 fy. 
5 kW-TRIODE hel 
EHA b{elele) Te > Forced Air Cooled j 


5 kW-TRIODE j 
Forced Air Cooled 


EAT 1500 
1.5 kW-TRIODE ¥ 


Forced Air Cooled 


iving details of all 


A folder 8 nove valves 


Ediswan Special pur 
and American equ 
available on application. 


ivalents 15 


ESW 892 
10 kW-TRIODE 
Water Cooled 


EHW 3000 
3 kW-TRIODE 
Water Cooled 


EHW 5000 | 
5kW-TRIODE #,* ¢ 


Water Cooled 


EHA 2500 
2.5 kW-TRIODE 
Forced Air Cooled 





THE EDISON SWAN ELECTRIC CO.LTD. 155 CHARING CROSS ROAD. LONDON. W.6.2. 
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Which switch 


fits the 


niche ? 





TYPE B.T. 


By the time that has rolled round your tongue half a dozen times the Type 
B.T. Switch could be fitted! It’s that sort of switch—small, compact, designed 
specially to fit easily into small spaces. It'll save you a lot of trouble. We have 


recently included some new features. Here they are — 
| ® The contact blades are fixed in a new way. 
This makes them completely rigid all the time. 


"hs @ The drive spindle is positioned definitely in 
a a ee the wafer. This provides double bearing. 
e@ Steady contact resistance. 
W ey ] It e I @ Improved insulation between contacts. 
| 6 @ Positive contact. 
» ? @ Self-cleaning action. 
Instruments 


RE All these make the Type B.T. a better switch 
LIMITED —more efficient and lasting. In fact just the 
switch you need for limited space and 

simple switching. 


WALTER INSTRUMENTS LIMITEC, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 
C.R.C.47 
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Made in Three 
Principal -Materials 


FREQUELEX 

-- An insulating material of Low Di-electric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 

A High Permittivity Material.. For. the 
construction. of Condensers of the 
smallest possible dimensions. 


TEMPLEX 
A Condenser material of medium 
permittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 








BULLERS LOW LOSS CERAMICS 


BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4. = —_—_—~Phone:: Mansion House 997! (3 lines) 
Telegrams :-“‘Builers, Cannon;-tondon.”’ Pesce = Has n - 

















949 August, 1949 Flectronic Engineering 18 












PERMALLOY ‘ C’ 
for highest initial permeability. 
Useful for wide frequency band 
transformers, current transformers, 
chokes, relays and magnetic shield- 
ing. 










PERMALLOY ‘B’ 
for higher flux densities than Perm- 
alloy ‘C’ and high incremental 
permeability; Suitable for low 
power and intervalve transformers. 
























PERMALLOY ‘ D’ 
for very high resistivity without 
undue lowering of maximum flux 
density or of the Curie point. Small 
variation of permeability with fre- 
quency. Ideal for H.F. applications. 










V—PERMENDUR 
for high permeability with unusually 
high flux density. Speciaily applied 
to high quality diaphragms and 
pole pieces 










Standard Magnetic Materials, which have been steadily 
improved and extended in range over many years, are 
produced by a Company which has the unique advantage 

of being also a large scale user of these materials. 2 








ns 
Standard Telephones and C ables Limited 


be Office: Connaught House, Aldwych, London, W.C.2) 
(Telephone Linc Division) 
NORTH WOOLWICH, LONDON, €E.16. Telephone: Albert Dock 1401 
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VOLTAGE 
REGULATING 


TRANSFORMERS 


A Comprehensive Range for :— 


High or Low Tension 


















Constant or 
infinitely Variable Voltage 


High or Low Current 














Manual or Automatic Operation 






Foster Transformers & Switchgear Ltd 


Associated with SOUTH WIMBLEDON, LONDON, S.W.19 
LANCASHIRE DYNAMO & CRYPTO LTO _ IC aR Ie la Diem pea ne RR ce Ra 
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Providing technical 


Lightning Protection 


At this time of year we constantly 
receive anxious enquiries as to the 
risk involved in having a_ television 
dipole* or ‘‘ Skyrod’’ * aerial on the 
roof. We have not the slightest 
hesitation in stating that the chances 
of trouble are negligible. 


Any ‘ Belling-Lee ’”’ aerial, or radio 
or television receiver connected thereto 
is insured for the sum of £100 against 
damage by lightning. This applies in 
the event of there being no collateral 
insurance or after existing cover has 
been exhausted. This operates for one 
year after the date of purchase by the 
ultimate user no matter where pur- 
chased or by whom installed. lif 
insurance companies considered aerials 
a risk, they would not be slow in call- 
ing for increased premiums. 


We have been making and installing 
television aerials since the advent of 
television and it is probable that 
there are more ‘‘ Belling-Lee ”’ aerials 
erected than of any other make but 





we have no record of a single claim, 
and we do not suggest that other 
makes of aerials are more likely to be 
struck. As things are at present we 
feel quite safe in suggesting that there 
must be more dwellings without aerials 
struck by lightning than vice-versa, 
but only because there are a greater 
number of dwellings. 


—_—_—_—_—_—— : 
WN'2ZZA LZ / 7, 
\ % 
ee 7, 
\ 


Static discharger, carbon 











a < ee 


block type with Mica ring 
suitable for standard or 
anti-static aerials 





Manufactured by BELLING & LEE LTD. 
List No. £350 selling at 9/6 


Now let us deal 
with television aerials 


It is almost impossible to envisage 
conditions which would set up an 
excessive potential difference between 
the two elements of a television dipole, 
and consequently we need only concern 
ourselves with voltages which may 
develop between the dipole elements 
and earth. In some cases, where an 
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THE “BELLING-LEE" PAGE 


information, service and 


unbalanced feeder is employed, one 
dipole element is connected to the 
earth via the receiver, and there is no 
reason why the earthy conductor of 
the feeder should not be independently 
connected to a safety earth outside the 
building. This, however, would not 
really afford any advantage, since the 
unearthed element, which is usually 
the upper one, requires some other 
form of protection. 


Obviously, any method of protection 
must take the form of a path to earth 
which only becomes operative when 
the potential of the conductor to be 
protected rises above a certain value. 
This points to some form of spark-gap. 
In a television aerial a built up charge 
would spark across the dipole insula- 
tor, and it is only necessary to earth 
the cross-arm of the aerial in order to 
implement this form of protection. In 
theory, this method should be of 
greater value than a spark-gap placed 
in the feeder at, say, the point of 
entry into the house, since in such an 





Another type of static discharger specially 
designed for use with Television aerials and 


‘* Belling-Lee '"" Twin Feeders**®. List No. 
L376. Price 7/6 
arrangement the heavy discharge 


currents would have to flow through 
the conductors of the feeder, and 
might thus cause them to _ fuse. 
Smaller charges would leak to earth 
harmlessly in the cable. 


In a normal installation we do not 
earth a crossarm or metal pole directly, 
because it all puts up the cost of an 
already relatively expensive installa- 
tion, and we do not consider the risk 
warrants even the extra few shillings. 
Instead we insure them all for £100. 
But, as mentioned above, where it is 
necessary to calm down an_ over 
anxious user, or in order to comply 


advice in 
to our products, and the suppression of electrical interference 












relation 





Will those in coastal towns, fishing 
ports, yachting centres etc., bear in 
mind that "Belling-Lee" are specialising 
in suppression on board. ship. 

We have done such work on ships of 
all sizes from the "Queen" class 
to trawlers, drifters and yachts. 











with a particularly fussy specification, 
the cressarm and/or metal pole may 


be earthed independently, with a 
copper conductor going to solid earth 
by the most direct route, and not 


round corners, nor entering the build- 
ing. 


If this conductor is as heavy as some 
authorities would like, its cost will be 
many times that of the most expensive 
television aerial installation. 


*! « Viewrod ”’ (Registered trade 
mark) television aerial “‘ H”’ type for 
chimney mounting 502/L London 
£6 6s. Od. 


L652/LM Midland £6 5s. Od. 


Simple dipole for chimney mounting 
L501/L London €3 Ids. 6d. 


L647/L Midland £3 5s. 0. 


‘*Veerod’’ (Registration applied for) 
Inverted ‘“‘ V”’ television aerial chim 
ney mounting L606 London £4 10s. 0d. 
—L635 Midland £4 2s. 6d. 


#2 « Skyrod ”’ (Registered trade 
mark) 18 ft. vertical aerials. 

L638 collector, chimney mounting 
£4 4s. Od. 

L638/K plus ‘‘ Eliminoise ’’ equip- 
ment £10 Os. Od. 

L638/C collector mast mounting 
£3 Os. Od. 


L638/CK plus ‘‘ Eliminoise ’’ equip- 
ment £8 15s. 0d. 
** Balanced twin feeder, 
L386 unscreened 7$d. per yard, 


L1221 screened 1s. 9d. per yard. 


- LEE IPR! 
BELLING ¢ LEE LTD 
| CAMBRIDGE ARTERIAL RD » ENFIELD, MIDDX., ENGLAND | 
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Have you 
considered 
TUFNOL: 








Tufnol possesses a valuable combination 
of mechanical, chemical resisting and 
electrical insulating qualities that make it 
suitable for many purposes. It is made 
in sheets, tubes, rods, bars, angles, chan- 
nels and specially moulded shapes. In 
given circumstances Tufnol may be more 
suitable than metals, hardwoods, or the 


many forms of electrical insulation. 
Indeed, the possibilities of Tufnol are 
limited only by the ingenuity of the 
engineers who use it. At all times we 
are ready to advise on its suitability in 
connection with any new problems that 
may arise. Tufnol is definitely a material 
that will interest you... 











TUFNOL 





ELS TRADE MARK 


AN INVITATION 


Outline your requirements in a letter and we will send you the 
appropriate Tufnol publications or technical information. Should it be 
a NEW problem, our Technical Staff will take it up with enthusiasm. 
Their findings will be placed at your disposal. Whynot write TODAY ? 


TUFNOL LTD - PERRY BARR - BIRMINGHAM 
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S EVERAL times during the recent 
spell of hot weather we have been 
reminded by the B.B.C., as we have 
many times in past years, to turn 
the volume control of the radio 
down if the set is anywhere near an 
open window. No one will deny 
that this is sound advice, and a very 
necessary reminder to a_ small 
minority of the listening public, but 
may we ask if there is not also a 
small contribution that the B,B.C. 
might make by first putting its own 
House in order? 

It is frequently noticeable that 
when the transmitted programme 
changes from speech to band or 
orchestral music, the sound output 
from all loudspeakers increases 
twofold, and unless we are prepared 
to adjust our volume controls for 
almost every change of: programme 
then inevitably the music will be 
too loud, or the speech too soft. 
Better by far that one fader con- 
trol should be moved than that 
millions of listeners should have to 
disturb their pleasurable enjoyment 
to adjust their volume controls. 

No claim for originality is made 
for this suggestion—it has been 


Cc 


Sound and Vision 


offered from many quarters, not the 
least by a volunteer speaker in the 
‘* Listener Answers Back ”’ series. 
The official reply was that the tech- 
nical difficulties were such that it 
would be virtually impossible to im- 
prove the programme supervision 
at the transmitting end. 

May we suggest that the Pro- 
gramme Conteatias be simply sup- 
plied with a db. meter connected 
across the monitor channel? Or 
should preference be given to the 
applause-measuring meter, often 
used in ‘‘ Discovery’ features, 
placed near the monitoring loud- 
speaker? 


Emboldened by the knowledge 
that our relations with the British 
Broadcasting Corporation are of the 
best, and that ninety-nine per cent 
of its work can be mentioned only in 
praise, we hasten to add—to have 
an end of carping—one other point 
deserving of criticism. 

If Miss ‘“ Television Girl” is 
forced, through illness, to be tem- 
porarily absent from her duties, it 
is sufficient for us to be briefly given 


the reason for her absence, and our 
hearts will go out to her in her mis- 
fortune. But please! not the 
reason, then a bulletin, then another 
bulletin, then an announcement that 
the return will not be long delayed, 
and then that it is imminent, 

Or if a group of well-wishers feel 
that the presentation of a dog to one 
of the announcers is in order, should 
not that, to turn a phrase, be that? 
Repeated appearances of the animal, 
however talented or charming, lead 
one to wonder what domestic 
animals, should the habit spread, 
the announcers of Broadcasting 
House might bring to the micro- 
phone. 

The parallel on which this argu- 
ment is based may not be justifiably 
close, but it at least points out the 
fact that the television service is still 
in its ‘‘ Savoy Hill’’ days, and al- 
though it is remarkably ‘‘chummy”’ 
for the seeing and seen to be on such 
close terms, this must pass into the 
limbo of ‘‘ Good Old Days ”’ before 
the first regular television service 
can mature into the finest regular 
television service. 

E.T.F. 
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PROGRESS AT SUTTON COLDFIELD 


By the end of June, the television mast, which is being 
erected by B.I. Callender’s Construction Co., Ltd., at 
Sutton Coldfield for the B.B.C., reached a height of 600 ft. 


Some preliminary details of the mast were given in the May 
issue Of ELECTRONIC ENGINEERING (page 184) from which it will 
be recalled that the mast will have a total height of 750 feet and 
will weigh 140 tons. 


The base pedestal, which is designed to withstand a thrust of 
350 tons, and the first 26-ft. section were in place in May of this 
year and, by June 24th, a height of 400 ft. was reached, the 
remaining 200 ft. being erected in one week. 


At a height of 600 ft. the cross-section of the mast changes 
from a triangular to a circular section, and at 710 ft. the eight 
dipoles will be erected which, with obstruction light and lightning 
conductors, will extend the mast height to 750 ft. The present 
state of construction is illustrated in the accompanying photo- 
graphs. 

Fig. 1. Erecting the Television Mast at Sutton Coldfield. When this photograph 


was taken the mast had reached the 400-ft. level. Near the mast can be 
seen the bo’sun’s chair in which the riggers are hoisted to the top. 


Fig. 2. A bird's-eye view of the Sutton Coldfield Television Mast under construc- 
tion from 400 ft. The photograph shows assembled sections of the mast 
on the ground ready for erection. 


Fig. 3. Sections are assembled on the ground and then hoisted up and bolted into 
position. The base of the mast and the supporting pedestal are clearly 
seen in the photograph. 
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Commercial Systems 


ADIO as a means of broadcast- 

ing entertainment is now so 
familiar and the various forms of 
radiolocation developed during the 
war have so captured public interest 
that its uses as a means of communi- 
cation between two places tend to 
be overlooked. This article is there- 
fore intended to describe a few of 
the ways in which radio is used to 
supplement or replace the more 
familiar line systems of communica- 
tion. 

The first practical demonstration 
of radiocommunication was made by 
Marconi just over 50 years ago and 
for 25 years its use was almost 
limited by the equipment then avail- 
able to telegraphy. 

During World War I some use was 
made of radio both for telegraphy 





*Standard Telephones and Cables, Ltd., London. 


By H. D. B. KIRBY, M.A.* 


and telephony, but the work done 
during these years did not really 
bear fruit until after the war. From 
then on progress was very rapid. 
1920 saw the first use of radio for 
regular public telephone service, 
when a link was set up between 
Catalina Island and Long Beach, 
California, and connected into the 
Bell telephone system. In 1923 the 
first public demonstration of trans- 
oceanic radiotelephony was made 
between Broadway, New York, and 
New Southgate, England. In 1925 
the first shiv-to-shore telephony sets 
were installed in vessels of the 
whaling fleet in South Georgia. 

These three historic achievements 
exemplify the three important 
spheres in which radio offers con- 
siderable advantages over line as a 
medium of communication. These 
can be listed as :— 





of Radiocommunication 


(a) Long-distance links (inter- 
national or transcontinental) when; 
distance, physical obstacles, vary- 
ing transmission standards or 
political reasons make a straight- 
through wire connection imprac- 
ticable. 

(b) Short-distance links (up to 
a few hundred miles) where the 
nature of the terrain between the 
terminals makes the construction 
or the maintenance of a wire route 
or the laying of a cable difficult 
or uneconomic. 

(c) When one or both of the 
terminals are mobile. 

Fig. 1 (above) illustrates these 
three spheres of use and also shows 
the parts of the frequency spectrum 
normally used for each. These are 
by no means clear cut, as the 
demand for frequencies far exceeds 
the supply, but whenever possible 





parts of the spectrum especially 
suited to a particular service are 
reserved for it. 


Long-Distance Links 


The map in Fig. 1 shows the 
different parts of the world to which 
radiotelephone links are operated 
from this country. In addition, 
there are a large number of services 
worked by telegraphy. The tele- 
phone circuits are all provided with 
terminating and privacy equipments 
to enable them to be connected into 
the public telephone systems. Many 
of the telegraph circuits now ter- 
minate in standard Post Office v.r. 
telegraph equipment, though certain 
forms of specialised high-speed 
instruments are also in use. 

Normally the transmitters and 
receivers for these long-distance cir- 
cuits are situated many miles apart 
in localities particularly favourable 
for their operation. They are con- 
nected by land-lines to a central 
point at which special equipment is 
provided, in the case of telephone 
circuits, for mixing the transmitted 
and received signals and for con- 
nexion to the trunk telephone 
systems. In this country, the tele- 
phone circuits are controlled from 


Genera! view of British Post Office transmitter (Rugby) 


the Radio Telephony Terminal 
which is in process of being moved 
from Faraday Building, London, to 
Brent. The outgoing speech is 
passed by land-line to one of the 
transmitters at Rugby or Criggion 
and the incoming speech is brought 
in from the receiving station at 
Baldock, Cupar or Cooling Marshes. 

The frequencies used for these long 
links vary very considerably accord- 
ing to the part of the world to which 
they are working and the ionospheric 
conditions prevailing at the time. 
The v.uL.F. transmitter (GBZ), for 
instance, at Criggion operates on 
15.46 Ke/s., while the u.F. links 
may use frequencies of up_ to 
26 Mc/s. Research into the fore- 
casting of the best frequencies to 
use under given conditions has con- 
siderably reduced the amount of 
time these links are out of communi- 
cation. 

A typical tfansmitter used by the 
British Post Office for these links is 
shown in Fig. 2. It has an output 
power of about 20 kilowatts and a 
frequency range from 3 to 21.75 
Mc/s. 

Normally separate frequencies are 
used for transmitting in each direc- 
tion and both transmitters are in 


operation at the same time, so that 
the link operates in the same way 
as a four-wire telephone circuit. 
However, as the circuit conditions 
are continually changing due to the 
inclusion of the two radio paths and 
as the gain of the path between the 
subscriber and the transmitter has 
to be continually varied to main- 
tain the correct modulation level, 
the simple hybrid transformer ter- 
minations used on wire circuits are 
not satisfactory. Voice-operated 
switching circuits are therefore pro- 
vided to ensure that only one trans- 
mission path is open at a time, the 
other path being blocked to prevent 
‘** singing.”’ In addition, a technical 
operator is required to carry out the 
adjustments necessitated by the con- 
tinually changing conditions. During 
recent years much work has been 
done on the development of an auto- 
matic technical operator which 
ensures that the transmitter is 
always modulated to the correct 
depth by the outgoing signal and 
that the level of the incoming signal 
is kept at the maximum consistent 
with stability, with the result that 
radio terminals are now operated on 
a semi-automatic basis. 


One of the most important 
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developments in long-distance com- 
munication during the past few 
years is the extension of the use of 
the single sideband principle of 
operation. The L.F. circuit between 
this country and the U.S.A. has 
been using the single sideband 
method of operation since 1927, but 
it is only recently that the method 
has been applied successfully to 
H.F. operation. The advantages of 
the system will be discussed in 
greater detail in a later article, but 
they may be summarised as :— 

1. Improved signal-to-noise ratio 
at the receiver for a given trans- 
mitter power. 

2. Less bandwith occupied per 
channel. 

8. Freedom from the distortion 
normally caused by selective 
fading and multi-path propaga- 
tion. 

Receiving equipments for long- 
distance links usually make use of 
space diversity reception. Fading 
commonly occurs as the result of 
interference between waves which 
have reached the receiver by 
different paths, and while this can 
to some extent be overcome by auto- 
matic gain control circuits, these 
cannot deal with the distortion 
which is usually present during the 
weak part of the fading cycle. 
Greatly improved reception can be 
obtained by taking advantage of the 
fact that fading effects are very 
localised, so that if a number of 
antennze are spaced a few wave- 
lengths apart it is probable that one 
of them will pick up a strong signal. 
The outputs of the spaced antenne 
can be combined in such a manner 
that the antenna receiving the 
strongest carrier provides all or the 
majority of the total output to line. 
Such receiving systems tend to be 
rather complicated and expensive, 
but where high quality circuits are 
required their use is well justified. 


Short-Distance Links 


These may conveniently be divided 
into two types, those which are con- 
nected direct into the public tele- 
phone or telegraph service and 
those which merely provide point- 
to-point communication between the 
terminals. The latter were origin- 
ally hand-keyed morse telegraph 
circuits but are now in this country 
all *‘ phonégram ”’ circuits, that is 
to say, they are used to pass 
messages by speech, but are not 
available to the public for direct 
conversation. They are one-way 
telephone circuits using very simple 
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Fig. 3. 24-channe! UHF transmitter-receiver 


equipment requiring unskilled 
operators and are arranged to 
operate for a specified period in each 
direction. A number of such cir- 
cuits are in operation round the 
coast of Great Britain, providing 
communication to small islands, 
where the amount of traffic makes 
any other system uneconomic. 

When the links form a part of the 
telephone or telegraph network the 
equipment has to be rather more 
complicated. It must resemble a 
telephone circuit not only in being 
duplex (i.e., providing communica- 
tion in both directions without send- 
receive switching), but also by 
having a performance equivalent in 
all respects to the line circuit which 
it replaces. It must be completely 
reliable in operation and require the 
minimum of attention. The fre- 
quency response, the signal/noise 
and signal/ crosstalk ratios, the dis- 
tortion and the gain stability must 
all be as good as on an equivalent 
line system. 

In this country such links are used 
mostly between the mainland and 
the larger islands and are in many 
eases multi-channel. The majority 
of them operate in the v.H.F. band 
although the advantages of the 


higher frequencies have been recog- 
nised and the trend is towards their 
use, especially in America. In the 
v.H.F. band amplitude or frequency 
modulation is favoured and multi- 
channel operation is secured by fre- 
quency division, whereas in the 
U.H.F. band time division is often 
more suitable in conjunction with 
one of the various forms of pulse 
modulation, though wide-band fre- 
quency modulation is also used. In 
the U.H.F. band it is not normally 
possible to obtain direct communica- 
tion over more than optical dis- 
tances (about 35 miles), but it is 
possible to use several repeaters to 
form a chain of radio links. In the 
v.H.F. band it has been found pos- 
sible to operate direct links over 
considerably greater distances. The 
longest v.H.F. link in regular opera- 
tion in Great Britain is from Ler- 
wick in the Shetlands to Kirkwall 
in the Orkneys, a distance of 98 
miles. 

The first link to provide as many 
as nine channels was that installed 
in 1938 between Belfast and Stran- 
raer, a distance of about 35 miles. 
Amplitude modulation is used and 
a frequency division system of 
multiplex. In the transmitter each 











signal modulates a 


incoming 
separate sub-carrier in the range 
150-300 Ke/s. and the whole group 


of sub-carriers modulates the 
radiated carrier which lies between 
60 and 85 Mc/s. In the receiver the 
output of the second detector is 
applied to a bank of nine band-pass 
filters which select the modulated 
sub-carrier for each channel. The 
outputs from these filters are then 
demodulated, amplified and passed 
to line. Fig. 3 shows a modern 
U.HF. 24-channel trazsmitter and 
receiver using a_ time-division 
system of multiplex. 

It is probable that most new links 
set up in the future will operate in 
the u.H.F. band and also that exist- 
ing links will eventually be trans- 
ferred to this part of the frequency 
spectrum, since there is a growing 
demand for frequencies in the 
v.H.F. band for the mobile services 
described ‘in the next section. 


Mobile Systems 

When communication is required 
between a fixed station and a mobile 
craft of any kind, .or between two 
mobiles, radio is the only practical 
alternative so far to visual or direct 
aural methods. All mobile systems 
are similar in principle, but the 
requirements vary considerably 
according to the nature of the craft 
and the service. In the sphere of 
naval communication some of the 
large ships may be required to com- 
municate with shore stations many 
thousands of miles away, with other 
ships or ports almost within optical 
range and in some cases also with 
aircraft flying over a wide area. In 
many cases it is also desirable that 
passengers on the ship shall be able 
to speak cver the public telephone 
service of one or more countries, 
often a considerable distance away. 


Fig. 4. VHF transmitter-receiver. 
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In the air the requirements are 
equally diverse. Apart from the 
various navigational and landing 
aids, not only must the pilot be able 
to receive instructions about taking 
off and landing, but the plane must 
siso be able to keep in touch with 
ground stations some distance away. 
It is now normal to use V.H.F. for 
airport control, but the long-distance 
equipment has to cover a wide band 
of frequencies in the H.F. and M.F. 
bands. The chief consideration in 
the design of airborne equipment is 
the reduction of weight, and to a 
lesser extent of bulk. This has 
resulted in the development of the 
technique of miniaturisation, the 
success of which is illustrated by 
the v.H.F. equipment shown in 
Fig. 4. This is the civil counterpart 
of an R.A.F. equipment developed 
by Standard Telephones and Cables, 
Ltd., during the war to replace the 
V.H.F. transmitter/receiver type 
TR.1143. The total weight of the 
earlier model (the TR.1148) is 79 lb., 
and of the later model (the TR.1520) 
23 lb. Both these equipments have 
provision for the remote selection of 
four frequencies, the former using 
eight crystals and the latter five, 
one of which has a fixed value. The 
demand for more operating fre- 
quencies has led to the development 
of the STR.12 equipment shown in 
Fig. 5. This gives 23 spot frequen- 
cies in the band 118-128 Mc/s., all 
the crystals being located in the 
control unit, which also contains the 
first oscillator stages for both trans- 
mitter and receiver. All tuned cir- 
cuits in the main unit are of band- 
pass design so that no complicated 
system of remote control is neces- 
sary. 

In peacetime, the use of radio for 
mobile communication on land is 
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Fig. 5. WHF transmitter-receiver 
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still rather restricted in this country, 
the chief users being the police, fire 
and ambulance services and taxi 
operators, although the newspapers 
are beginning to appreciate its 
possibilities. In America, however, 
there is a general mobile service 
operating in more than 50 cities 
which enables connexion to be made 
from a mobile unit to any telephone 
in the public service. This service 
is being used by ambulances, 
garages, public utilities, news- 
papers, doctors, police, fire depart- 
ments and many others. A typical 
mobile installation consists of a fre- 
quency modulated transmitter of 
20 watts output power and areceiver, 
both located in the luggage boot of 
a car. A micro-telephone hand-set 
with a send-receive switch and some 
calling means such as a bell or 
lamp are mounted below the dash- 
board. 

Telephone service to train pas- 
sengers was started between New 
York and Washington last year. 
The possibility of separating the 
aerials and using slightly more 
equipment than in a car enables 
duplex working to be used so that 
passengers can talk as over a normal 
telephone. 

Conclusion 

In the space available it has been 
possible to mention only a few of 
the ways in which radio is being 
used in the various fields of com- 
munication. For the future it can 
be said that the use of radio is likely 
to continue to increase to the limit 


of frequencies available. Conse- 
quently much research is now 
directed towards extending the 


useful frequency spectrum and, even 
more important, making the fullest 
possible use of the frequencies in that. 
spectrum. 
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HE illustration shown above 

is a radar mosaic, reconstructed 
from a series of photographs of the 
P.P.I. display on an E.M.I. Marine 
Radar prototype equipment in- 
stalled on the T.S.M.V. ‘‘ Seamew.”’ 
This mosaic covers that part of the 
River Thames lying between South- 
end and Gravesend. The vessel was 
used for a series of extended sea 
trials of the above equipment during 
voyages between the United King- 
dom and various Italian seaports. 


The Radar Equipment 

The radar equipment was built to 
comply with the specifications laid 
down in the Ministry of Transport 
Marine Radar recommendations. 

The transmitted pulse is of 0.2 
Hsecs. duration, the repetition rate 
1,500 cycles per second, and the 
peak power output is 40KW. The 
transmitter and associated power 
supplies are shown in Fig. 1. 





* E.M.I. Engineering Development, Ltd. 


Electronic Engineering 


Radar 


By R. R. LOWTHER, F.Z.S.* 


Mapping 


The scanner rotates at 30 r.p.m. 
and the beam width is +1° at half- 
power points. The Plan Position 
Indicator (P.P.I.) display is pro- 
duced on a 9 in. diameter cathode- 
ray tube having a fluoride screen. 


Photographic Arrangements 


The brightness of the afterglow of 
P.P.I. tubes is such as to prohibit 
the use of short photographic expo- 
sure times, but the slow rate of 
travel past the land allows long 
exposures to be made without any 
detrimental effect. A fast panchro- 
matic film, type Ilford HP38, was 
used for the photographs. The 
camera was a standand Contax II 
fitted with a 5 cm, focal length, 
f1.5 lens and employed a supple- 
mentary lens to enable the image to 
be brought into focus when the cross- 
over point of the optical system is 
at a distance of approximately 50 
em. from the, P.P.I. screen. This 
arrangement is necessary to permit 
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the whole of the available area of 
the 35 mm. negative to be used, so 
as to reduce the degree of ultimate 
enlargement required if the photo- 
graphs are to be reproduced with 
reasonable dimensions. 

Exposure times were of the order 
of 4 seconds, but the results indi- 
cate that shorter times could be 
used and that times slightly exceed- 
ing the minimum of 2 seconds, pro- 
vide adequate density in the 
negative. Since the scanner rotates 
at 30 r.p.m. an exposure of less 
than 2 seconds will not permit the 
whole scene to be photographed 
with an equal intensity of illumina- 
tion over the whole scene. 

Because of the comparatively 
long exposures used, every effort 
had to be made to ensure a rigid 
mounting for the camera. In the 
present instance, the P.P.I. unit 
(see Fig. 2) was provided with 
two rails for the operator to use 
for personal support in rough 





weather. A bridge-like structure, 
built of angle iron, for the purpose 
of supporting the camera was 
clamped to these rails. This struc- 
ture carried a platform on which 
the camera was mounted, The plat- 
form was adjusted to the position 
of optimum focus so that the 
camera could be removed for re- 
loading and easily replaced in the 
correct position. The camera focus 
control remained in the Infinity 
position jn order to reduce the num- 
ber of operations necessary before 
photography can be commenced. 

he camera-clamping arrange- 
ment was so designed that it could 
be swung out of its position over 
the P.P.I. tube so that normal navi- 
gational use of the Radar installa- 
tion was readily available. 

Before the mounted camera was 
used, measurements were made to 
verify that the plane of the 
film was parallel to the screen 
of the P.P.I. A final verification 
of the accuracy of the focus was 
made by means of a piece of finely 
ground giass, placed at the plane of 
the film. 

Every precaution was taken to 
prevent extraneous light from fall- 
ing on the face of the tube. A 
cone-shaped light screen, lined with 
black felt on the inside to prevent 
internal reflexions, was fitted be- 
tween the camera lens mount and 
the tube screen. A piece of felt was 
fitted to the P.P.I. end of the screen 
to act as a light trap. 

Because of the curved shape of 
the P.P.I. tube face, it was not pos- 
sible to make use of the full radius 
of the screen for these photo- 
graphs. Moreover, the use of the 
outer edge of the image introduces 
an apparent lack of definition be- 
cause of the increased arc sub- 
tended by the scanner beam, with 
increasing range. - 

For this series of photographs, 
the relative type of display was in 
use so that extreme care had to be 
taken to ensure that the ship was 
not turning while an _ exposure 
was being made. With this display, 
the heading line, which shows the 
direction of travel of the ship, is 
always at the top of the tube (i.e., 
at 0° on the bearing scale) aud any 
change of the vessel’s course pro- 
duces a rotation of the images of 
the various targets and so causes a 
blurred image. This drawback 
could not be overcome in the present 
instance as no gyro-compass was 
available to provide the necessary 
compass correction for a truet dis- 





Fig. I. (Left) Trans Fig. 2. (Right) Plan 
mitter and power position Indicator 
supplies (P.P.1.) 


play, in which this disadvantage 
does not occur. 


The Mosaic 


As each photograph, forming part 
of the mosaic, was taken, some out- 
standing feature of the image, well 
ahead of the ship’s position, was 
immediately noted and followed till 
it was left well astern. By this 
means, an indication was obtained 
that the required land distance had 
been covered before taking the 
next photograph. This procedure 
was quite adequate while travers- 
ing straight portions of the river, 
but while negotiating turns extra 
exposures were made so that ade- 
quate coverage was obtained during 
the turn. 

The normal exposure _ time- 
sequence was not adhered to for the 
whole operation, extra exposures 
being made from time to time to 
provide good photographs of creeks 
and inlets which were previously 
displayed in an inadequate manner 
owing to the presence of inter- 
vening buildings or high ground. 

The majority of the photographs 
were taken on the three mile range- 
setting of the P.P.I. display, but 
those off Southend and up to Canvey 
Island were taken on the six miles 
setting. The exposures were made 
during a normal run up-river after 
returning from the Mediterranean. 

The mosaic shown is not highly 
accurate since it was made without 
any specialised map-making equip- 
ment. Nevertheless, the accuracy 
is remarkably good when the tem- 
porary nature of the arrangement 
is considered. In future mosaics, it 
would be possible to add the position 
of lights and buoys. 

Maps have, of course, been made 





t A true display is one in which North is always at 
O° on the bearing scale. 
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by aircraft using normal photo- 
graphic methods. In conditions of 
bad visibility, infra-red photography 
or airborne radar can be employed 
for this purpose and, in the latter 
case, the accuracy is increased when 
the time base trace velocity is modi- 
fied to provide the true ground 
range of each portion of the image 
as measured from a point directly 
below the aircraft. The accuracy 
also increases inversely with wave- 
length, beam width and the dis- 
tance travelled by the aircraft dur- 
ing one rotation of the scanner. 


Radar Charts 


Now that radar is becoming more 
widely used for marine navigation, 
mosaics of the type shown can be of 
inestimable value. The Admiralty 
has produced charts showing the 
appearance of radar images which 
may be compared with those on the 
P.P.I. The presence of high inter- 
vening ground prevents the appear- 
ance, on the P.P.I. tube, of images 
of landmarks behind the high 
ground. This sometimes make difh- 
cult the identification of the ship’s 
position on the chart, particularly 
when the coastline is not indented. 
It must be borne in mind that the 
P.P.I. image is related to that of 
an imaginary observer at the scan- 
ner while a chart is related to an 
imaginary observer suspended in 
mid-air directly over the land 
appearing on the chart. The appear- 
ance of the resulting images, there- 
fore, differs considerably and the 
Admiralty radar charts are designed 
to assist navigators by providing 
charts drawn from approximately 
the same view point as that of the 
radar scanner. Pilot books and 
some charts provide sketches show- 
ing the appearance of the land as 
seen from a specified direction but 
these are useless in foggy weather. 
The equipment of vessels with 
accurately-scaled radar charts of 
busy sea roads and of some of the 
more important coastlines will cer- 
tainly assist navigators in their 
work, in times of poor visibility. 
These radar charts show points such 
as Ushant and the South Foreland. 
The charts shorten the time 
required for new operators to 
become accustomed to the interpre- 
tation of the images displayed on 
the P.P.I. tube. Unless a fair 
knowledge of the possibilities and 
limitations of radar is possessed by 
an operator, a certain amount of 
difficulty is experienced jin inter- 
(Continued on p. 299) 
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Projective Three-dimensional Displays 


Stereoscopic Displays (continued) 


UMEROUS methods have been 
suggested, the most popular em- 
ploying orthogonally polarised light 
to distinguish the two pictures, and 
some are described in the papers 
mentioned in Part I. The problem is 
already a live one in relation to 
three-dimensional television, and 
readers interested are referred to 
the extensive literature which has 
already appeared on the subject. 
From our present point of view the 
chief problem is that of ‘‘ aspect- 
switching,’’ which, of course, arises 
only when a single tube is used for 
both pictures. Normally, the rate 


of switching need not be high—. 


25 c/s. is a reasonable figure—and 
probably the easiest solution is tc 
use high speed relays. 

These can be arranged either to 
change the X’ and Y’ connexions 
from one set of resolvers to another, 
or (preferably) to alter by small 
amounts the direction cosines of the 
line of sight. 

The rotation required is about 
the Y’ axis, and corresponds to 
different admixtures of a and 2” 
in the horizontal deflexion. Great 
accuracy is not essential, and for 
most purposes an arrangement such 
as that shown in Fig. 11 is suitable. 
The relay B1 connects a small frac- 
tion of z” alternately to one or other 
X-plate, giving two lines of sight 
displaced horizontally by equal 
angles from the normal to the tube 
face. 

In practice such an arrangement 
can be very useful even without 
stereoscopic facilities, especially if 
the pattern is fairly ‘‘ coarsely 
woven.”’ Generally, however, it 
would then be advisable to use a 
much lower switching-rate, to avoid 
confusion of detail. 

Measurement 

The whole problem of projective 
display is greatly eased if the 
measuring system adopted is a 
“relative ’? one, in which any dis- 
tortion is suffered equally by the 
subject and the standard by which 
it is to be measured. Accuracy of 
projection is then relatively un- 
important, and we have been pro- 
ceeding on that assumption. 

Before dismissing the possibility 


’ 
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Fig. 12. 


Electronic grid-lines produced by 
brightness modulation (see also Fig. 19) 
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Fig. 13. 


Basic ‘‘ standard mark”’ circuit 
of class (a) 


of direct measurement on the screen, 
however, we may note that the 
three “‘ pure ”’ axial views (9 and ¢ 
= 0° or 90°) are not affected by the 
accuracy of the resolvers, but only 
by that of the tube and amplifiers. 
There may well be cases therefore 
in which direct measurement will be 
possible, and sufficiently accurate. 

Relative measuring methods using 
‘standard marks’ fall. roughly 
into two classes: (a) those in which 
the standard marks are generated at 
the instant at which the voltages 
to be measured have the required 
value, and (b) those in which the 
standard marks are generated 
during a quiescent period and super- 
imposed on the picture in that 
period. Normally, the first class 
employs brightness-modulation to 
denote the standard points, while 
the second has also to supply stan- 
dard input voltages to a, y and z 
terminals during the quiescent 
interval. 

Where the independent variables 
a and z vary linearly with time, a 
particularly simple form of calibra- 
tion-system is possible, relying on 
the linearity of the waveforms. The 
principle is identical with that of 
the radar range-calibrator,’ in which 
a pulse-generator is synchronised 
with each voltage sweep, and pro- 
duces a train of pulses equally- 
spaced along the corresponding 
time-axis. These are applied as 
brightening-pulses to the grid of the 
C.R. tube, superimposed on any 
other brightening - signals Now 
when three dimensions are involved, 
each pulse along a given axis defines 
a plane parallel to the other two, 
and the result is that the trace is 
brightened whenever it intersects 
one of the planes so defined. Each 
pulse therefore is responsible for a 
bright line on the surface being dis- 
played, representing the intersec- 
tion of the surface with the plane 
corresponding to the position of the 
pulse. With two pulse-generators 
producing two families of such 
pulses, along X and Z axes, the 
result is a mesh of lines covering 
the surface displayed, defining the 
intersections of the surface with a 
rectangular ‘‘ honeycomb ”’ of co- 
ordinate planes. (See Fig. 12). 

It is a simple matter to make the 
spacing of the co-ordinate planes 





































































adjustable, by altering the periodic 
time of the corresponding pulse- 
generator. In this way any point 
can have two co-ordinates accurately 
assigned to it, if the spacings are 
adjusted until two lines intersect on 
it. Knowing the line-numbers and 
knowing the mesh-interval from the 
full-scale deflexion, one :an easily 
determine the co-ordinates of the 
point without any _ information 
either on the speed of the timebase 
or the period of the calibrator. 


Measurement of the y co-ordinate — 


is not so simple. One method is to 
identify our point by two “‘ cross- 
wires’ in the way described, and 
then measure its height y by select- 
ing a ‘‘ side view”’ of the surface, 
relying on the accuracy of the C.R. 
tube. Alternatively, we might 
avoid that uneasy compromise by 
injecting a calibrated shift-voltage 
in series with the Y-signal, and 
measuring the voltage needed to 
displace the trace by an amount y. 

But these are methods in a 
different class. In order to use our 
brightness/modulation technique, 
we should require a circuit which 
automatically brightened the trace 
when the voltage y passed through 
one or more standard values. Such 
circuits are known,” but few are 
suitable for use down to zero- 
frequency. The ‘most promising 
line to follow would seem to be the 
** gating ’’ of an R.F. signal, since a 
circuit on that principle would be 
unperturbed even if required to 
provide a brightening signal of in- 
definite duration. 

In any case, the basic principle is 
as illustrated in Fig. 13. The volt- 
age y is balanced against a standard 
voltage ys in a comparator circuit 
C. Whenever y and ys are equal, 
or differ by a fixed amount, C sends 
a “‘ gating ”’ signal to the brighten- 
ing circuit of the C.R. tube. Thus 
the displayed surface is now inter- 
sected by a plane parallel to X and 
Z axes, at a height fixed by ys. By 
adjusting ys, as well as the X and 
Z calibrators, we can thus make 
three orthogonal planes to intersect 
in any given point, determining its 
position completely. In principle, 
this gating method can be adopted 
for finding all three co-ordinates of 
a point; and indeed many cases arise 
in which, owing to non-linearity of 
x and z with time, the pulse- 


calibration technique is useless. The 
main advantage of the latter, how- 
ever, lies in the number of reference- 
lines which it gives simultaneously, 
and it becomes difficult and cum- 
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brous for a gating method to com- 
pete with it in that respect. Class 
(b) methods are preferable in such 
cases. 

One of the simplest class (b) 
methods of co-ordinate measure- 
ment is also one of the most 
accurate, for it eliminates practi- 
cally all sources of error by making 
direct connexion between the 2, y 
and z terminals and three standard 
voltages. The arrangement is 
shown in Fig. 14 as an attachment 
inserted in the leads to the x, y and 
z terminals of Fig. 5. Three high- 
speed relays are pulsed, during a 
quiescent period of each cycle, so 
that the inputs are momentarily 
given values as, ys, 2s, which are 
under the control of potentiometers, 
and can be measured accurately. 

The trace is normally blacked-out 
during the quiescent period, but is 
momentarily brightened, after all 
relays have had time to close, by a 
pulse from the relay-driving circuit 
The result is a ‘‘ standard spot ”’ 
(with three degrees of freedom) 
which can be moved into coinci- 
dence with any selected point, 
checked for parallax under rotation, 
and then identified in position from 
the values of 2s, ys and 2s. 

More complicated, but quite 
feasible, is the possibility of using 
the quiescent period to lay down a 
complete three-dimensional _ grid- 
work, obtained in the fashion 
indicated previously with the aid of 
three auxiliary timebase-generators, 
connected in place of 2s, etc., in 
Fig. 14. This would make it pos- 
sible to assign three co-ordinates 
immediately to any point in the 
display. 

Finally, let us consider briefly 
two possibilities which can be 
described as ‘‘ concurrent ”’ calibra- 
tion methods. The first is simply to 
use a double-beam tube, with one 
beam continually engaged in draw- 
ing axes and reference lines. This 
is pictorially convenient, but is not 
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particularly accurate. The beams 
must, of course, have _ separate 
deflecting systems. 

The second has much to recom- 
mend it, in cases in which D.c, 
amplification has been retained in 
the rotation-networks. It involves 
injecting, in series with a, y and z, 
three steady standard voltages as, 
ys and 2s, which displace the origin 
of the picture. 

We might think that this is of 
little help in a ‘‘ general view” 
unless we remember that the aves 
of rotation go through the origin. 
If therefore we arrange to “ rock ”’ 
the picture continuously about the 
axes of rotation, it is possible to see 
at once which point in the picture 
stays at rest. 

Suppose now that we wish to 
measure the co-ordinates of a cer- 
tain point in the picture. We set 
our ‘‘rocking’’ mechanism in 
operation at a fairly high speed. 
The: point becomes a moving blur, 
which we find that we can bring to 
a position of rest by applying shift 
voltages as, ys, 2s in series with the 
inputs 2, y, z. In this position, 
clearly, r+as=ytys=z+2s=0, so 
that the co-ordinates of the point 
are (-—as, —Ys, —2s). 

The rocking can conveniently be 
done by means of relays or com- 
mutators on the principle already 
discussed. 


Accessory Circuits 


The applications of this type of 
display are so maay and varied thai 
it would be impossible to describe a 
drive unit suitable for all purposes. 
It may be of interest, however, to 
discuss briefly the design cf a simple 
general-purpose unit. 

The circuits necessary are quite 
standard in type,* but will vary 
according to the application, so that 
only block-schematic diagrams are 
shown, and the various frequencies 
and magnitudes are chogen only as 
illustrations. Fig. 15 shows one pos- 
sible arrangement suitable for use 
with the transformation - circuit of 
Fig. 5. It generates two sawtooth 
voltages v: and v2, which are locked 
in the frequency-ratio of 100:1. v: 
is a normal sawtooth, but v: has a 
‘waiting period”? between each 
linear sweep, during which any 
relays or re-setting devices used can 
operate. 

Much of the complexity is due to 
the various calibrating pulses which 
are provided. These could be re- 





* Many examples will be found in reference 5, or 
back numbers of Electronic Engineering. 
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garded as luxuries and omitted if 
desired, though the lines they pro- 
duce will often be found useful for 
guiding the eye over a complicated 
surface, quite apart from their 
normal function. 


Base Circuit 


The waveforms produced are 
shown in Fig. 16, and are all syn- 
chronised, though not shown to 
scale. The ‘ master-oscillator ”’ 
is a 25 Ke/s. blocking-oscillator 
BO:, generating positive pulses (a) 
of 2#sec. duration across an impe- 
dance of about 2,000 ohms. These 
pulses are used to brighten the trace 
and to synchronise the time-base 
generator TB:, running at 2.5 
Ke/s. (b). If. coupling is tight 
enough, the 25 Ke/s. rate can be 
altered for calibration purposes 
without seriously affecting the fre- 


quency or amplitude of the 2.5 Ke/s. 


sweep. The latter will “ lock ’’ on 
the pulse nearest to the instant at 
which it would fire when running 
freely. 

BO: is synchronised by TB: so as 
to generate one pulse (c) in approxi- 
mately every eight to ten sweeps. 
Each pulse lasts for the duration of 
one sweep of TB:. Thus just one 
complete line is brightened by each 
pulse. Finally BO: synchronises the 
25 c/s. time-base generator TB:. 
For calibration purposes the fre- 
quency of either BO: or TB: can be 
varied, though it is preferable on 
most counts to adjust BO: 

The waveform of v: is illustrated 
at (d). A waiting-period 7 is pro- 
vided between sweeps to give time 
for any relay-circuits to operate. 

Relays may be driven by the over- 
biased amplifier valve A, controlled 
by the differentiated version (e) of 
the output of TB:. The anode of A 
passes current to the relays for only 
about one-half of t+. The remainder 
of 7; is left blank to enable any 
“chatter ’’ in the relays to die 
away. For the same reason, the 
trace is not brightened until the 
relays are just about to open. This 
is most easily ensured by deriving 
the brightening pulse (g) from the 
trailing edge of the anode-voltage 
pulse (f), via a blocking-oscillator, 


Be 
Brightening Circuit 


The grid of the C.R. tube has a 
great deal of work to do, and the 


mixing of the various brightening \ 


voltages must be carefully done to 
ensure the right order of priority. 
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Fig. 16 (below). Waveforms in the circuit of 
Fig. 15 
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circuit for brightness modulation 

















Fig. 15 (above). A general-purpose drive 
unit 


The trace must be: 
(i) suppressed during 7-, but 
(ii) brightened momentarily by 
pulse (g); 
(iii) brightened by pulses (a) and 
(iv) brightened by pulses (c), but 
Pw suppressed during the flyback 
or V1; 
(vi) modulated by the ‘‘ perspec- 


” 


tive voltage ”’ 2”. 


Of these, (ii) must. be over-riding, 
and (i) and (vj have priority over 
the rest, which are more or less on 
equal footing. The simplest way to 
ensure these priorities is to adjust 
the relative amplitudes of the 
various pulses, which can be mixed 
in quite a conventional way. Fig. 
17 shows the simplest possible mix- 
ing circuit, with typical values for 
the amplitudes of the pulses. (b’) 
and (d’) are negative blackout 
pulses derived in the usual way from 
the time-base generators TB: and 
TB: In a self-running Miller time- 
base, for example, the screen-grid 
waveform is suitable, if ‘‘trimmed”’ 
by a limiting diode. The propor- 
tions of the mixing resistances 
should ensure (i) that the pulse (g) 
from the blocking-oscillator over- 
rides (d’), it is made long enough 
to outlast (b’); (ii) that (b’) and 
(d’) each develop pulses of —30V 
at the grid of the tube; (iii) that (a) 
and (c) each develop about 
+4 volts; and (iv) that the perspec- 
tive voltage z” is able to vary the 
grid voltage by about + volts. 

These values are suitable for a 
small C.R. tube running at a gun 
voltage of about 2 KV. If the cut- 








off voltage of the tube is greater 
than —45 V or so, it may be neces- 
sary to amplify the pulses either 
before or after mixing. 

To improve the sharpness of the 
shorter pulses, the by-pass capa- 
citors C: and C: are useful. They 
need only be of a few pF each, and 
can conveniently take the form of 
adjustable trimmers. They should 
be set to the minimum values found 
necessary to give clean blackout— 
and calibration—pulses. The lead 
to the C.R. tube grid must, of 
course, be as short as possible. 

More elegant (and complicated) 
mixing circuits could be designed to 
be less affected by stray capaci- 
tances, etc.; but the author has 
found the simple circuits to be quite 
satisfactory for the unexacting pur- 
poses of brightness-modulation—if 
something in the nature of intelli- 
gent ‘ cutting-and-trying ”’ can be 
tolerated ! 


Perspective 


Quite a good impression of depth 
can be given by the ‘“ perspective 
shading ’’ controlled by 2”. The 
extra trouble needed to add 
** perspective convergence ’’ seems 
scarcely worthwhile, for the circuit 
of Fig. 10(c) cannot very con- 
veniently be used here, while that 
of Fig. 10(a) is liable to cause some 
astigmatism. If convergence is also 
required, however, probably the 
easiest solution is to use pulse trans- 
formers for the series-injection of 
brightening pulses, as shown, for 
example in Fig. 18. The pulses 
should be mixed in at least two 
separate groups according to dura- 
tion; quite different types of pulse- 
transformer are required to deal 
with the different durations. 


Operational Features 


Much of the usefulness of a 
general-purpose unit of this sort 
depends on the “ minor details ”’ of 
design. It may perhaps be helpful 
to mention some of those which can 
be incorporated with a minimum of 
trouble. Some are indicated on the 
block diagram of Fig. 15. 


(a) x and z Controls, 
Cathode-followers CF: and CF: 


help to prevent interaction between 
the rotation controls and the time- 
base-generators. Their outputs v: 
and v: can be interchanged at will 
by means of switch $:, making it 
possible to compare the effects of 
fast and slow sweeps of x or z. It 
is also useful to be able to stop x 
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Fig. 18. Modification of Fig. 10 (c) to enable 
calibration marks to be superimposed on 
perspective modulation 


and/or z from sweeping, and give 
them fixed values, under the control 
of potentiometers RVx and RV:. 
S: and Ss are independent switches 
for this purpose. 

(b) Calibrator Controls, 

The line-spacing controls have 
been mentioned already, they may 
take the form of variable grid-leaks 
in the blocking oscillators. As a 
luxury, brightness-controls for the 
calibration lines could also be pro- 
vided, by making the mixing-resis- 
tances. variable. 


(c) Meters. 


It is desirable to incorporate at 
least one high-resistance centre-zero 
voltmeter. For accurate work each 
circuit should have its own meter 
permanently connected, to avoid 
errors due to the meter-current. 


Applications 
Electronic Computation 


The author’s apparatus was de- 
signed primarily as an aid in the 
solution of differential equations by 
analogue methods. It is often neces- 
sary to search systematically for a 
graphical solution of given type, by 
varying initial conditions or co- 
efficients in an equation and observ- 
ing the results. The apparatus 
makes it possible to display whole 
families of trial solutions as a series 
of graphs lying side-by-side and 
defining a “‘ solution-surface.’’ Much 
tedium is thus avoided, and trends* 
in solutions can he detected at an 
early stage—a valuable addition to 
the intuitive qualities which guide 
a mathematician te a quick solution. 
When the correct values are approxi- 
mately determined, the searching 


¢ 





* Note for example how easily the trend towards 
secondary emission can be followed in Fig. 19. 
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can be stopped, and accurate adjust- 
ments carried out by hand. 


Valve Characteristics 


Of more general interest is the 
application to problems such as the 
display of valve-characteristics. The 
illustrations in Fig. 4 and Fig. 19 
(see p.252 and 2538 of the July issue) 
will give some idea of what can be 
done with simple equipment. They 
are actually photographs of a dis- 
play demonstrated at the recent 
Physical Society Exhibition, and do 


_ not by any means represent the best 


that is possible under laboratory 
conditions. 

The surfaces shown in Fig. 19 
represents five stages in the growth 
of a secondary-emission ‘‘ valley,” 
in the anode current/ grid voltage / 
screen voltage characteristic of a 
tetrode. As the anode voltage is 
increased, the surface can be seen to 
change progressively from (a) to (e), 
the valley deepening and gradually 
moving off the picture in the direc- 
tion of higher screen voltage, until 
at (e) the y-amplifier is saturated. 
It is important to note that the sur- 
face is transparent: the valley in (c) 
can be seen quite plainly through 
the shoulder of the curve. 


Current Measurement 


Anode current was here measured 
by amplifying the p.p. across a 
small anode load resistance. 1 K®& 
is small enough to have negligible 
effect on anode voltage, if only 
‘demonstration accuracy ” is re- 
quired. For more general purposes, 
however, it may be necessary to dis- 
play the current drawn by an elec- 
trode, as a function of its own poten- 
tial, and the simple load-resistance 
circuit cannot be used. Probably 
one of the best solutions is to use a 
current transformer (with a satisfac- 
tory frequency response). See Fig. 
20(a). The load-resistance on the 
secondary, as seen from the primary, 
should not exceed a few hundred 
ohms, except perhaps in the case of 
grid-current measurement. The 
damping which the load produces 
can help to secure a level frequency- 
response in the transformer. 

Another méthod is to supply the 
sweep-voltage through a_ trans- 
former, and insert a small current- 
monitoring resistance in the earthy 
lead to the secondary. (Fig. 
20(b)). Both methods have their 
disadvantages. The second will 
generally require a larger trans- 
former, but the latter’s frequency- 
response need not be so wide, since 
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it has only to handle the frequency- 
components of one sawteoth; the 
current in the first case generally 
will contain frequency-components 
corresponding to both modulating 
voltages. 

Brightness-modulation 


The much-overworked grid of the 
C.R. tube can be pressed into yet 
further service. ‘Qualitative facts”’ 
such as the presence of grid-current, 
or of anode-dissipation exceeding a 
critical value, can easily be repre- 
sented by a brightening or darken- 
ing of the trace in the appropriate 
region. Thus a Class A_ power- 
amplifying valve, for example, could 
be made automatically to display its 
characteristic only between’ the 
limits set by grid-current and anode- 
dissipation. 

This is an equally valuable facility 
in other fields of application. For 
instance, the values of parameters 
«x, y and z-which together satisfy a 
given condition in a _ differential 
equation can be defined by a 
brightened locus in a_ volume 
scanned in the three directions x, y 
and z. : 

Other Applications 


Only brief mention need be made 
of some of the many other possible 
uses of this technique. A number 
are suggested in the _ references 
quoted, including items as varied as 
the display of fine detail of metal 
surfaces, complex impedance-charac- 
teristics, frequency-response-curves 
as a function of a coupling factor, 
and X-ray ‘ pictures-in-depth.”’ In 
spectroscopy, to take just one other 
example, photo-electric scanning is 
becoming common, and can be made 
to yield multi-dimensional informa- 
tion—for example on the change in 
a spectrum with time. Reference 
has already been made to the revo- 
lution which has been wrought in 
the techniaue of radar display. 

In some of these applications the 
detail may well be too great to be 
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Fig. 20 (a) 


Fig. 20 (b) 


Two methods of measuring anode and grid current 


shown usefully on one tube. This 
represents an especial danger in 
teaching work. In such cases it 
is better to have two tubes, one 
giving a “‘ coarse ”’ overall picture, 
and the other an expanded view of 
any selected portion of the coarse 
display. In all cases there is the 
problem of making the cycles recur 
rapidly enough for persistence of 
vision, though afterglow screens can 
help to lower the minimum fre- 
quency. These also make it easier 
to have electro-mechanically varied 


quantities (e.g. capacitances or 
coupling-factors) as independent 
variables. 


In teaching, the uses of a three- 
dimensional ‘‘ blackboard” are 
manifold, and are not confined to 
Physics and Engineering. The 
entertainment value which it could 


add to lectures on such “ solid 
fare’’ as_ three-dimensional geo- 
metry, for example, makes one 


almost envious of the student of the 
future. 


Conclusion 


The reader wili have realised that 
the subject-matter of these articles 
represents a deliberately restricted 
choice.. Nevertheless it must be said 
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Fig. 20. 
Demonstration 
apparatus used 
to give tetrode 
characteristics of 

Figs 4 and 19 





now that the omission of all mention 
of television has been intentional. 
Most people instinctively think of 
television when three-dimensional 
displays are mentioned, not realis- 
ing perhaps that the aim of a nor- 
mal projective _three-dimensional 
display is to produce just the type 
of picture which television already 
produces perfectly successfully—a 
two-dimensional representation of a 
three-dimensional object. The prob- 
lems of presenting such a display 
with television data in suitable form 
would be very great, and the trans- 
parency of the picture already 
noted would normally be a serious 
embarrassment. 

The goal of *‘ truly three-dimen- 
sional ’’ displays is common to both 
techniques, and these projective 
methods merely bring the art of 
curve-drawing up to the level 
already reached by that of picture- 
reproduction, 
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DISPLAYS 


Some more typical patterns produced on a projective display 





Tuning 


DIFFICULTY associated with 

high-quality radio receivers is 
the accurate indication of correct 
tuning. The problem’ arises when 
the 1.F. tuned circuits have broad 
band (double humped) characteris- 
tics so that they may pass the 
higher audio frequency sidebands 
without attenuation. This means 
that a tuning indicator fed from 
these circuits will give a steady 
indication throughout the pass-band 
and will not show when the tuning 
is at the mid-frequency. 

The difficulty may be overcome by 
including an _ additional sharply- 
tuned circuit immediately preceding 
the tuning indicator so that it will 
give a sharp response at the middle 
of the band, and thus show when 
the receiver is correctly tuned. The 
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Sharply-tuned circuit fed from last I.F. stage 
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High-Quality Receivers 


Figure, which indicates the final 1.F. 
stage of the receiver, illustrates a 
practical method of doing this. The 
signal detector and a.F. stages are 
fed from the primary of the LF. 
transformer in the anode circuit of 
this stage, while the loosely-coupled 
and lightly-damped tuned secondary 
winding provides the additional 
selectivity required for accurate 
indication of tuning. 

If a transformer-coupling is con- 
sidered desirable for feeding the 1.F. 
waveform to the signal detector, a 
third loosely-coupled winding may 
be employed to control the tuning 
indicator. 


—Communication from 


E.M.I., Ltd. 
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The Physics of Cathode Ray Tube Screens 


By G. F. J. Garlick, B.Sc., Ph.D., A.Inst.P.* 


HERE is no doubt that the 

function of the cathode ray tube 
screen is of paramount importance 
in any application of such tubes. 
However, it is not always appreci- 
ated that the present day standards 
of screen performance have de- 
pended on an extensive background 
of more basic research on the lumin- 
escent substances employed. We 
shall therefore be concerned with 
such research in the present in- 
stance. We _ shall describe the 
physical characteristics of the screen 
materials and also discuss’ the 
theoretical concepts of the _ pro- 
cesses involved. As a preliminary 
step we may summarise the general 
practical requirements of the 
cathode ray tube screen :— 

(a) The screen must have a high 
efficiency for the conversion of 
cathode ray beam energy to light 
energy. In_ practice efficiencies 
greater than 10 per cent are not 
often attained. 

(b) The spectral emission charac- 
teristics must be suitable. For tele- 
vision a white emitting screen is de- 
sirable. In most other applications 
colour is not of the same importance, 

(c) The screen must possess a 
suitable degree of phosphorescence. 
In television applications the maxi- 
mum permissible duration of phos- 
phorescence is of the order of milli- 


* Physics ve,t., University of Birmingham. 





seconds but in some radar applica- 
tions durations of many seconds are 
required. The form of the phos- 
phorescence decay with time is also 
important. 


(d) The screen must have good 
electrical characteristics. In _ par- 
ticular it must exhibit adequate 
secondary electron emission under 
the given operating conditions. 


(e) The screen material must be 
stable during the processing of the 
tube, and during its operational life- 
time. 

These requirements severely limit 
the choice of materials and it is im- 
possible, at present, to satisfy all of 
them in one screen material. In the 
next section we give a brief account 
of the types of luminescent material 
suitable for use as cathode ray tube 
screens. 


Classes of Screen Materials 


The microcrystalline luminescent 
powders used for cathode ray tube 
screens are usually known as phos- 
phors. They are prepared from 
carefully purified basic constituents 
and this preparation always involves 
synthesis of these components by 
heat treatment at high tempera- 
tures (900-1300°C). In most cases 
the luminescence characteristics are 
largely determined by the inclusion 
of small amounts of specific metallic 
impurities in the host substance 


during preparation. The heat treat- 
ment then not only forms the crystal 
lattice of the phosphor but enables 
the impurity, usually known as the 
activator, to diffuse throughout the 
crystal grains. Sometimes these 
processes are assisted by including 
a few per cent of a suitable flux 
material. As examples, _ silver, 
copper and manganese impurities 
in zine sulphide produce blue, green 
and yellow-orange emitting phos- 
phors respectively. In these phos- 
phors alkali halides (exclusive of 
fluorides) can function as fluxes. 

In some cases heat treatment of 
the pure materials alone produces 
good phosphors. Tungstates of cal- 
cium, magnesium, cadmium, zinc, 
etc., are examples of this class of 
phosphor. Table I (overleaf) 
gives in summarised form the 
various classes of phosphors used as 
cathode ray tube screens and their 
general characteristics :— 

In Fig. 1 the emission spectra of 
several different zinc sulphide phos- 
phors and a zine oxide phosphor are 
given for cathode ray excitation, 
while Fig, 2 gives the spectra for 
silicate and tungstate phosphors. In 
Fig. 3 we give spectra for the two 
components of a white emitting tele- 
vision screen and the composite 
spectrum which gives a_ white 
appearance to the viewer. Screens 
formed by mechanical mixtures of 
two or more different phosphors giv- 
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Table 

Phosphor Activators Emission Phosphorescence Type of decay | Application 
ZnO. | None Green | ~ psec. Exponential Television film scanning 
ZnS. | Ag. Blue Up to 2 few secs. Hyperbolic Television and Radar 

| Cu. Green Up to hours Hyperbolic | Television and Radar 

| Mn. Orange Up to a few secs. Initially exponential | 

later hyperbolic _ 
ZnS-CdS. | Cu or Ag. | Blue oo ene acc. | Dependent on CdS% Hyperbolic 

| ~%, | 
ZnS-ZnSe | Cuor Ag. Can be near white ~p sec. Hyperbolic Television 
Zn, SiO, |} Mn. | Green ~~ 10m. secs. Exponential | Monitoring and radar 

| projection television 
ZnBeSio, | Mn. | — to red acc. ~m., sec. Exponential | Television before 1940 

| to 

Cawo, — Blue. ~3 p sec. Exponential | Not used much now 
MgWO, - —_ ” ” ” ” 
Znwo, = Near white - ” } ” 
Ccdwo, _ oa a Exponential | Ne a 
ZnF, | Mn. Yellow 100 m. sec. Exponential Radar 
MgF, Mn. Orange 100 m. sec. Exponential | Radar 
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suffer from the following 
vantages : 

(a) If the different phosphors have 
different grain sizes, then in deposi- 
tion the smaller grain size phosphor 
settles in a different layer from a 
large grain size specimen. This 
introduces different excitation con- 
ditions for the different phosphors. 

(b) There may be colour changes 
in the television image if one phos- 
phor emission changes in a different 
way with modulation density from 
that of another phosphor. 

(c) If the component phosphors 
have different degrees of afterglow 
then trailing colour effects may occur 
behind images of moving objects. 

The desirable screen is thus one 
composed of a single material, but 
this is difficult to realise in practice. 
Some success has been achieved with 
zine sulpho-selenide phosphors in 
recent years. We now _ consider 
some of the physical characteristics 











Dependence of Luminescence on Cath- 
ode ray beam density and energy 
{a) Variation of luminescence 

with beam current density. 

At sufficiently low beam current 
densities the luminescence of con- 
ventional phosphor screens is pro- 
portional to the current density, but 
at higher densities saturation effects 
may occur. Zinc sulphide phosphors, 
such as ZnS-Ag and ZnS-Cu, do not 
show saturation until densities of 
100 “#a/cem.* are reached, but zinc 
silicate phosphors begin to show 
saturation at densities as low as 
10#a/cem*. At higher operating 
voltages and current densities, such 
as obtain for projection cathode ray 
tubes, the behaviours of these two 
classes of phosphor are reversed. In 
Fig. 4 the current saturation effect 
for a zine silicate phosphor is given 
for two different tube potentials 
(4 KV and 10 KV). The curve B 
may be fitted to curve A if its 
ordinates are multiplied by a suit- 
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Fig. 3. 
A, ZnS-Ag 


Emission spectra of ph 
B, ZnS-CdS-Ag 





je Composite spectrum for “‘ white’ 


ts of a “‘ white” television screen 
* emission 


current saturation effects are inde- 
pendent of the tube voltage. These 
results and other were obtained by 
Strange & Henderson (1946) and 
indicate that the lack of dependence 
of current saturation on tube voltage 
is a usual feature for conventional 
screen materials. 

(b) Variation of luminescence 
with cathode-ray beam energy, or 
cathode-screen potential. 

A power relation is found between 
the luminescence emission of a screen 
and the energy of the electron beam 
producing it (measured as cathode- 
screen potential). This may be ex- 
pressed by the following empirical 
formula: 

L = constant. (V — V.)! (1) 
where L is the luminescence output 
for a given current density, V is the 
screen-cathode potential, Vo is a 
potential known as the ‘ dead” 
voltage of the screen and q is a con- 
stand for a given screen. If the 
screen is carefully processed and 
free from contamination, in the form 
of absorbed surface layers of other 
materials, then it has been shown 
that the “‘ dead ” voltage is negligi- 
ble. Thus for clean phosphor 
screens and over certain ranges of 
potential the luminescence is pro- 
portional to the qth power of the 
cathode-screen potential. This rela- 
tion breaks down when thé poten- 
tial is increased beyond that at 
which secondary emission becomes 
inadequate to prevent negative 
charging of the screen (known as 
the ‘‘ sticking ’’ potential). We 
thus see that the luminescence 
efficiency (i.e., luminescence output 
per unit input power V.i. where i is 
the current density) increases as the 
(q-1)th power of the tube voltage. 
In Fig. 5 we give the luminescence 
vs, cathode-screen potential charac- 
teristics of different phosphors show- 
ing the validity of Equation (1) 
above. The curves A and B of this 
figure show that the power index q 
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Fig. 4. Variation of luminescence of Zn,SiO,- 
Mn phosphor screen with beamcurrentdensity. 
A, Tube voitage IOKV. 8B, tube voltage 4KV 


is independent of current density. 
Its value depends on the particular 
screen material but it usually lies 
between one and two. The increase 
in efficiency with tube voltage is ob- 
viously of considerable practical im- 
portance. As we shall see later, it 
may be explained by the increased 
penetration of the primary electron 
beam into the phosphor grains as 
the electron energy is increased. 
(c) The efficiency of energy con- 
version in luminescent screens. 
Although the luminescence effi- 
ciency of a screen increases with 
tube voltage it reaches a limiting 
value. At this value only about 
10 per cent of the energy appears 
as luminescence. Most of the re- 
maining 90 per cent is dissipated as 
heat in the screen. In the surface 
layers of phosphor grains the proba- 
bility of luminescence being excited 
will be relatively low, since in these 
regions the crystal structure is very 
distorted and this perturbs the im- 
purity atom centres which normally 
give rise to the emission. As the 
primary electron energy increases 
luminescence is produced at greater 
depths below the grain surfaces and 
here the probability of excitation is 
higher. However, even in this case, 
the efficiency value of 10 per cent 
leads us to assume that non-radiative 
processes predominate over lumin- 
escence processes. Precise informa- 
tion about these non-radiative pro- 
cesses will be more likely to be ob- 
tained by exciting large optically 
polished single crystals of phosphors 
than by using conventional screens 
having very complex surface con- 
ditions. Such experiments are be- 
ing planned in the author’s labora- 
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tory. Preliminary studies indicate 
that for single crystals of blue 
luminescent alkali halides the index 
q of Equation 1 is unity at all ex- 
cept very low electron energies 
(tube potentials below 1 KV). 


The Phosphorescence of Cathode ray 
Tube Screens 


Phosphors may be divided into 
two main classes with respect to 
their phosphorescence characteris- 
tics after cathode ray excitation. 
The first class comprises phosphors 
whose emission decays exponentially 
with time and at a rate that is inde- 
pendent of excitation conditions 
(i.e., nature and intensity of the 
exciting radiation) and of tempera- 
ture. Phosphors of this type are 
indicated in Table I and their mean 
decay times given. These range 
from a microsecond or so for tung- 
states to one tenth of a second for 
some phosphors. Phosphors of the 
second class exhibit a hyperbolic 
decay of emission with time and one 
which is markedly dependent on the 
excitation conditions and on the 
temperature. The long persistence 
phosphors used as screens in radar 
cithode ray tubes belong to this 
class. In these phosphors phosphor- 
escence is due to the storage of ex- 
cited electrons in thermally metast- 
able energy states, known. as electron 
traps. Change of excitation con- 
ditions and of temperature alter 
both the life times of trapped elec- 
trons and the number of trapped 






electrons. As an example of this 
type of decay we give in Fig. 6 its 
form for a copper activated zinc 
sulphide phosphor after excitation 
by cathode rays (6 KV) and after 
excitation by ultra-violet light of 
3650A wavelength, the initial inten- 
sity of luminescence reached before 
decay being the same in both cases. 
It is evident that after cathode ray 
excitation the initial decay of emis- 
sion is much more rapid than that 
after excitation by ultra violet 
radiation and the later stages of 
phosphorescence are of correspond- 
ingly less intensity. The difference 
largely arises from the smaller 
volume of phosphor excited by 
cathode rays which causes the filling 
of many more “ shallow ” electron 
traps than ‘‘ deep” ones. For a 
detailed explanation of these effects 
see (b) of general references. 


The Secondary Electron Emission of 
Phosphor Screens 


If a phosphor screen is not to 
charge up by bombardment with 
electrons, and thus to repel further 
electrons, then it must emit one 
secondary electron for each primary 
electron absorbed. If we denote by 
n the ratio of secondary electron 
emission current to primary electron 
current then the condition for the 
efficient electrical behaviour of the 
screen is that 7 is greater than, or 
equal to, unity. In Fig. 7 we give 
the way in which ” varies with 
primary cathode ray voltage for a 
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typical metal and for a phosphor or 
other similar insulator. We notice 
that the general characteristics are 
the same for metals and insulators 
but that the orders of magnitude 
of the critical voltages at which 

= 1 are different for metals and 
insulators. We can give a qualita- 
tive explanation of these behaviours 
and also point out the complex con- 
ditions which hold for phosphor 
screens. 

When a primary electron pene- 
trates into a substance it loses its 
energy by the production of secon- 
dary electrons. The secondary elec- 
tron emission is then depepdent on 
the ability of the secondary electrons 
so produced to reach and leave the 
surface of the material; the proba- 
bility of their reaching the surface 
depends on their mean free path in 
the material, which depends on their 
energy. When the primary electron 
energy is small few secondary elec- 
trons are produced and even fewer 
will have the chance of reaching a 
surface. Thus at low cathode ray 
energies the secondary emission is 
too small to prevent a phosphor 
screen from acquiring a negative 
charge. At higher primary electron 
energies the secondary emission be- 
comes adequate. It reaches a higher 
maximum and at higher voltages for 
insulators than for metals. This we 
must attribute to the difference in 
mean free path in the two cases. In 
metals, secondary electrons of 5 or 
10 eV energy will make collisions 
with other electrons forming the 

*‘ electron gas’’ of the metal and 
their free path is of the order of 
10° ecm. However, in _ insulators 
electrons of the same energy are 
likely to have mean free paths 
larger by an order of magnitude 
than those in metals because of the 
absence of an electron gas and be- 
cause with such energy (i.e., greater 
than thermal electron energies 
1/40 eV) their interaction with 
crystal lattice atoms is very small. 

At higher voltages secondary elec- 
tron emission again becomes inade- 
quate because the secondary elec- 
trons are produced at depths below 
the surface greater than their mean 
free paths. The limiting or ‘‘ stick- 
ing’”’ potential is different for 
different phosphors and determines 
the useful range of operating volt- 
ages for tubes with particular 
screens. We shall describe recent 
developments which overcome the 
disadvantages of poor secondary 
emission from phosphors at high 
operating voltages. 
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Fig. 6. Decay of phosphorescence of a 
zn" CdS after excitation by ultra-violet light and 
by cathode rays to the same initial brightness. 
A, U.V. excitation (3650A). B, Cathode ray 

excitation (6KV) 
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Fig. 7. Secondary electron emission character- 
istics of insulators (inclusive of phosphors) and 
metals. A, Insulator B, Metal 
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Fig. 8. Variation of Secondary electron 
emission ratio with angle of incidence of 
primary cathode ray beam 


The secondary emission from a 
surface depends markedly on the 
angle of incidence of the primary 
electrons, as shown by Fig. 8, since 
this determines the depth below the 
surface at which electrons are pro- 
duced. For glancing angles of inci- 
dence the ratio can reach very high 
values. Since a phosphor screen is 
composed of crystal grains with 
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faces orientated at all angles to the 
incident electrons we see the diffi- 
culty of making fundamental deduc- 
tions from secondary’ emission 
measurements on _ such _ systems. 
What are needed, both here and for 
the study of the variation lumines- 
cence with electron penetration as 
discussed, are experimental studies 
using large single crystals of suit- 
able luminescent materials. 


The Stability of Phosphor Screens 


Phosphor screens in cathode ray 
tubes lose their luminescence 
efficiency with use, but this deterior- 
ation varies with the particular 
screen material. We shall first dis- 
cuss the effects of electron bombard- 
ment and then mention the effects 
of heavier particles (ions). 

(a) Effects of electron bombard 
ment at normal voltages. 

We often notice at low tube 
voltages that the luminescence 
efficiency of those areas of a monitor 
cathode ray tube screen which are 
frequently scanned decreases and 
that a visible darkening of the 
screen material occurs, These effects 
are most common for the green zinc 
silicate screens used in such tubes 
and at tube voltages of about 1 KV. 
This deterioration is often loosely 
termed “electron burn.”  ‘‘ Elec- 
tron burn,’’ for a given exposure to 
electron excitation, decreases as the 
cathode ray tube voltage is raised. 
Qualitatively this is explained by 
the increased primary electron pene- 
tration and the corresponding de- 
crease in volume density of excita- 
tion. The detailed nature of the 
‘* burning ”’ process is still obscure 
but the final result is the formation 
of colloidal metal in the screen. 
Electrons bombarding most insula- 
tors behave as reducing agents but 
at low voltages their effects appear 
to be greatest in phosphors having 
manganese as activating impurity 
in concentrations of about 1 per 
cent. Copper and silver activated 
zinc sulphides or sulpho-selenides 
seem much less prone to electron 
burn at ordinary cathode ray tube 
voltages. 

(b) Deterioration of cathode ray 
tube screens at high. operating volt- 
ages. 

At tube voltages, such as those 
used for projection television, the 
electron beam has a marked destruc- 
tive effect on the phosphor screen, 
but, in contrast to their behaviour 
at ordinary voltages (0 - 10 KV), the 
sulphide screens are much less stable 
than silicate or oxide screens. 
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Again, prolonged bombardment 
causes a chemical reduction of the 
screen material. When we remem- 
ber that about 90 per cent of the 
bombardment electron energy is 
thermally dissipated in the screen 
we see that an electron beam of a 
fraction of a millimetre diameter, of 
energy 25 KV and of current 2 or 
8 mA, will provide enough energy 
for considerable thermal destruc- 
tion of the phosphor screen. 

(c) Effect of electron burn on 
secondary eleciron emission. 

It has been found that electron 
burn of phosphor screens adversely 
affects their secondary electron emis- 
sion by reducing the ratio 7 and also 
the sticking potential. If we assume 
that electron burn produces specks 
of colloidal metai or other irregu- 
larities in the crystal lattice of a 
phosphor by reducing it, then the 
fall in secondary emission may be 
explained by the decrease in mean 
free path of secondary electrons 
within the screen particles as the 
number of collisions with colloidal 
aggregates in the phosphor grains 
increases. 

(d) Ion burn of phosphor screens. 

The formation of the ion spot in 
the centre of the screens of mag- 
netically deflected cathode ray tubes 
is a familiar sight to television 
viewers. In this region bombard- 
ment of the screen by ions destroys 
its luminescence. In some _ cases 
the ion spot is thermally metastable 
and is largely removed by careful 
heat treatment of a screen. In such 
cases the ions are probably only ad- 
sorbed on the screen surface. It is 
likely that they distort the lumin- 
escence centres in their neighbour- 
hood and thus decrease the lumines- 
cence efficiency. 


Metal Backed Cathode Ray Tube 
Screens 

It is of interest to include at this 
point a description of recent develop- 
ments which make it possible to im- 
prove the working efficiency of 
cathode ray tube screens, in particu- 
lar the amount of light emitted to- 
wards the viewer and the removal 
of the effects of poor secondary 
emission at higher operating 
voltages (10 KV). In conventional 
screens about 50 per cent of the 
luminescence is emitted in the 
primary electron beam direction 
and is then scattered or absorbed, 
resulting in loss of useful emission 
and also in an adverse effect on 
picture contrast, by scattering back 
on to the screen. If the screen is 
backed by a reflecting metal layer 
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Fig. 9. Luminescence efficiency vs. tube voltage 
characteristics for backed and unbacked 
phosphor screens (Epstein and Pensak). 
A, Unbacked screen 8B, Al backed screen 


thin enough to allow efficient exci- 
tation of the phosphor by the pri- 
mary cathode rays then most of che 
50 per cent of light usually lost can 
be reflected towards the viewer. In 
addition the metal. backing prevents 
the screen from charging up at high 
operating voltages, when the secon- 
dary emission becomes inadequate. 
Picture contrast is improved at all 
voltages and minimising of ion burn 
has also been claimed to be a feature 
of metal backed screens. 

The backing is usually provided 
by evaporating aluminium on to the 
screen. However, a straightforward 
evaporation only coats the phos- 
phor grains and does not give either 
a good reflecting backing or one of 
high electrical conductivity. To 
achieve these properties the alumi- 
nium is evaporated on to a tight 
skin of an organic lacquer film pre- 
viously formed on the screen. By 
baking after evaporation the organic 
film is removed and leaves a 
stretched skin of aluminium which 
is a good conductor and also gives 
good optical reflexion. The thick- 
ness of the aluminium layer is quite 
critical. It must not be too thin 
for then it is not opaque and has 
poor conductivity. If too thick it 
absorbs too large a fraction of the 
primary electron beam and reduces 
its energy. In practice the optimum 
thickness is of the order of 10° cm. 
In Fig. 9 the luminescence effi- 
ciency vs. tube voltage characteri- 
stics are given for backed and un- 
backed cathode ray tube screens. 
Even at low operating voltages 
where the efficiencies are about 
equal the backed screen offers better 
picture contrast, due to the lack of 
light scattering. 


Conclusion 


The basic processes of lumin- 
escence in cathode ray tube screens 
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are as yet little understood, It may 
be necessary for their elucidation to 
simplify the conditions by using 
large single crystals. The difficulty 
in this respect is that almost all 
phosphors of reasonable lumin- 
escence efficiency cannot be obtained 
in such a form. There are possi- 
bilities of using evaporated phosphor 
layers on plain metal surfaces for 
basic studies. Until such studies 
have been made it will not be possi- 
ble to indicate whether or not the 
10 per cent conversion efficiencies 
for phosphor screens set a funda- 
mental limit to screen improvement. 

Investigations of luminescence 
produced in small single crystals of 
phosphors by single ¢ particles, now 
in progress, have provided a new 
method of investigating the inter- 
mediate stages between the absorp- 
tion of primary particles and the 
appearance of luminescence. 

With respect to practical or de- 
velopmental research, interest is 
turned towards such materials as 
the zinc sulpho-selenides whose emis- 
sion spectra can be controlled to give 
a good approximation to a white 
emission and which possess suitable 
phosphorescence characteristics. 
With the development of the flying 
spot film scanner and of projection 
television, the conditions imposed 
on the choice of suitable phosphors 
become more stringent. This will 
be further evidenced by future de- 
velopment of colour _ television 
systems in which three or more 
different phosphor screens provide 
the basic colour components of the 
final picture. 
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In liew of detailed references to 
each phenomenon above a list of 
general references is given below 
from which these and others may be 
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1949. 
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(d) Secondary electron emission. 

1H. Bruining, “‘ Secondary Electron Emission of 
Solids,” Berlin, 1942. 

*M. Knoll, O. Hachenberg and J: Randmer, Zeit. 
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(e) Metal-backed cathode ray tube screens. 
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Electronic Equipment for 


A Helicopter Rotor Testing Tower has just been 
installed at the Bristol Aeroplane Company’s works, and if. 
full details of its design and development have been given [fF 
in reports by R. F. Tayler, A.M.I.M.E., and issued by the . 
Company. 

The testing tower, a general view of which is shown ” 
in Fig. 1, was erected to provide a means of testing + 
rotor hubs and blades independently of helicopter 
aircraft. 

The tower itself is about 3 ft. in diameter and 25 ft. 
in height, with an observation platform just below 
the rotor. 

The rotor is driven by a 700 h.p. electric motor 
situated in a steel framed building at the foot of the 
tower and the drive is taken by a vertical shaft 
through universal joints so as to provide torque but 
no end-thrust. 

A ring of wire-braced pylons surrounds the tower 


Fig. 2. General view of hub showing, from top to bottom, collective 
pitch changing actuator and desynn transmitter, blade moment 
gauges on spider arms, rotor hub, slip-rings and brushes, and out- 
of-balance gauges and springs 
Fig. 3. Control and recording equipment. From feft to right: 
Frequency modulation units for blade moment measurement ; 
five channel oscilloscope unit, with strain gauge bridges on top and 
recording camera in front; motor control panel 
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for @Helicopter Testing Tower 









































; been and supports a screen of heavy steel netting, 84 ft. 
oo aes in diameter, for protection in case of breakage of the 
te tha rotor. blades. fi 
if Of main interest is the electronic equipment 
Lie a designed to measure the following : 
sear 1. The total lift of the rotor. 
esting j 
Onibe 2. Two quadrature horizontal forces at. the 
‘opter 
rotor hub. 
25 ft. He 8. The angular position of the rotor. 
below # 4, The individual pitching moments of the 
three rotor blades. 
notor Further details of the testing tower and_ the 
of the electronic testing equipment may be obtained from 
shaft The Bristol Aeroplane Company, Ltd. 
e but Acknowledgement is made to the Royal Aero- 
nautieal Society for permission to publish this 
tower information. 
llective Fig. 4. Method of measuring bending of spider arm with inductance 
noment gap gauge {fower right of photo) 
nd out- Fig. 5. Hub assembly of the rotor with oscillator unit mounted 
on the right-hand rotor arm 
right: Fig: 6. Amplifier units at the base of the tower 
ment ; Fig. 7. Slip-rings. Upper rings supply actuator and carry signal 
op and from desynn indicator. Lower rings are for frequency-modulated 
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By W. D. OLIPHANT 


Experimental Evidence 


ARROW and Lewis’ have dis- 

cussed the results obtained from 
tests carried out on experimental 
horns of the sectoral type to investi- 
gate the manner in which the flare 
angle (¢%.) and the excitation wave- 
length (Az) define the radiation 
characteristic, and a brief account 
of their findings will now be given. 


In order to investigate the effect 
of flare angle on the radiation 
characteristic, a sectoral horn, con- 
structed of galvanised-iron sheeting, 
was conductively joined at its throat 
to the open end of a 2.44 m. length 
of rectangular hollow tube guide 
wherein a and b were respectively 
15 and 50 cm. The axial length 
(m-ro) of the horn itself was 1.48 m. 
and in order to provide for a vari- 
able flare angle, the vertical sides of 
the horn (a dimension) were hinged 
at the throat and means were pro- 
vided for maintaining conductive 
continuity of the horn structure for 
all angular settings. The method 
of Ho: wave excitation employed 
was as already shown in Fig. 1, and 
the tube guide was conductively 
closed at the end remote from the 
horn by means of a piston reflector. 
For each setting of the flare angle, 
the distance between the excitor 
electrode and the piston was 
adjusted for maximum radiation 
along the principal axis and, in 
general, the separation was of the 
order of an odd multiple of a quarter 
wavelength of the tube wave (Az). 





—Part Il 


Fig. 4. Radiation patterns 
for sectoral horn (After 
Barrow & Lewis)—Ref. 6 


Tests were carried out at an excita- 
tion wavelength of 50 cm., and the 
E-field intensity in the horizontal 
(or xz) plane was measured at a 
large number of points around a 
circular path of constant radius 
(100 ft.) about the mouth of the 
horn. 


The resulting polar diagrams of 
horizontal E-field intensity distribu- 
tion for various values of ¢o are re- 
produced in Fig. 4(a), and in assess- 
ing the performance of any given 
arrangement, attention is given to 
the nature of the principal lobe and 
to the presence of spurious radiation. 
Spurious radiation comprises back- 
ward radiation due to diffraction 
around the mouth of the horn, and 
secondary lobes which tend to dis- 
tort the principal lobe. 


_The diagram appropriate to a 
simple open-ended guide radiator is 
shown at ¢% = 0°. The backward 
radiation is here quite considerable, 
both in angular width and ampli- 
tude, while the forward radiation 
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takes the form of a more or less un- 
distorted, but very wide, principal 


lobe. As %o is increased, the princi- 
pal lobe becomes sharper and the 
backward radiation is reduced both 
in angular width and amplitude. 
For 40°<%¢<60°, the principal 
lobe is at its narrowest, and this 
represents the optimum range for 
% for a highly directive beam 
system. As ¢% is increased beyond 
60°, secondary lobes appear with in- 
crease in backward radiation, until 
at 90° the secondary lobes are 
almost as large as the principal lobe, 
which thereby suffers severe distor- 
tion with resulting increase in beam 


width. 


The relative power gain (already 
defined) was computed from the 
ratio of the area of the circle of 
radius equal to the maximum ordi- 
nate of the pattern to the area of 
the pattern itself, and its relation 
to % is shown in Fig. 5. Thus the 
optimum flare angle is again seen 
to be (50 + 10) degrees, 
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Relative Power 
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Fig. 5. Relative power gain plotted against %, 
(After Barrow & Lewis)—Ref. 6 


In order to explain the presence 
of secondary lobes for values of 
¢.>60°, a series of experiments was 
conducted to determine the E-field 


distribution across the horn mouth, 


and it was conclusively demon- 
strated that departure from a more 
or less true sinusoid was associated 
with secondary lobe formation. 
Apart from this observation, it 
must be borne in mind that horn 
wave guidance is essentially radial 
in character and so for the large 
flare angle a horizontal spread of the 
wave energy is to be expected. 
Large flare angle is thus associated 
with the presence of harmonics in 
the mouth field intensity distribu- 
tion and with radial spread of the 
wave energy. 

The narrowing of the beam angle 
with increase in ¢. up to 60° is essen- 
tially the result of increase in the 
horizontal aperture (Wa), a point 
which has already been discussed in 
connexion with the theory of the 
hollow tube guide radiator. 

Reference has already been made 
to the use of Equation (8) for calcu- 
lating the forward field characteris- 
tic for #<50° and for Wa>3. Since 
its derivation is based on the 
assumptions that the field distribu- 
tion across the mouth is an equi- 
phase sinusoid and that the wave 
propagation within the horn is 
axial and not radial, it follows that 
departure from the experimental] 
values must be expected for ¢.>50°. 
The experiments of Barrow and 
Lewis confirm the validity of Equa- 
tion (8) within the prescribed limits, 
and it is further possible (within the 
same limits) to calculate the hori- 
zontal and vertical beam angles for 
any sectoral horn by means of Equa- 
tions (10). These equations are re- 
produced graphically in Fig. 6, thus 
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affording a ready means for deter- 
mining the necessary apertures to 
satisfy a given beam requirement in 
both the horizontal and _ vertical 
planes. 


The experimental horn was now 
set at % = 40° and the axial length 
was increased to 3.44 m., the excita- 
tion wavelength being still 50 cm. 
The new axial length provided a 
greater horizontal aperture, and a 
resultant sharpening of the principal 
lobe, appropriate to ¢ = 40° in the 
earlier experiments, was observed. 
This result demonstrates the fact 
that increase in horn length is 
associated with a sharpening of the 
beam and this is accomplished with- 
out any departure from the smooth- 
ness of the principal lobe or by the 
increase in backward radiation. 

The excitation wavelength was 
now varied from 44 cm. to just below 
the critical wavelength (100 cm.) 
for the tube guide, and the hori- 
zontal field intensity distribution 
determined. The results are repro- 
duced in Fig, 4(b). It is at once 
apparent that the principal lobe 
remains more or less unchanged 
apart from series distortion at the 
upper wavelength limit, and that 
the backward radiation increases 
with increase in wavelength. As be- 
fore, the existence of secondary 
lobes was found to be associated 
with non-sinusoidal field distribu- 
tion across the mouth of the horn. 
The optimum operational wave- 
length for the given horn is seen to 
be 50 cm., and it is evident that a 
change in wavelength of the order 
of + 25 per cent does not materially 
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affect the directive properties of the 
horn. This characteristic is of con- 
siderable practical advantage in the 
application of the horn to wide- 
band systems, or where it is neces- 
sary to be continually changing the 
operational wavelength. The rela- 
live power gains for the ascending 
wavelengths employed were found 
to be 17.5, 21.0, 18.3 and 11.3 respec- 
tively. The effect of increase in 
radial length on a power gain basis 
is quite marked; the power gain for 
\g = 50 em. increasing from 14.5 to 
21.0. 

Further experiments were carried 
out with direct horn excitation in 
the larger case. To do this, the tube 
guide was removed and the excitor 
electrode was placed at the throat. 
As before, a piston reflector (work- 
ing in a short stub) closed the back 
of the horn, and it was found that 
the radiation characteristic was not 
materially affected by the alterna- 
tive method of excitation. Indeed, 
the excitor electrode could be moved 
about along the axis within the horn 
structure without any evident 
change in’ the _ characteristic. 
Furthermore, the shape of the re- 
flector, whether it be planar or para- 
bolic, did not affect the pattern and 
the conclusion which can be drawn 
from these experiments is that the 
radiation characteristic is depen- 
dent entirely on the configuration 
of the horn structure and is not con- 
trolled in any marked manner either 
by the method of horn excitation or 
by the shape of the associated 
reflector piston. 


An electromagnetic horn has no 
focus and the excitor electrode can 
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be placed anywhere in the throat 
region. The beam concentration 
arises as the result of horn wave 
guidance and not by reflexion. In 
this respect it differs from the opera- 
tion of a dipole working in conjunc- 
tion with a cylindrical parabolic 
reflector and possesses a very con- 
siderably reduced spurious radia- 
tion, The separation between dipole 
and reflector requires critical adjust- 
mentment for each wavelength, 
whereas this is not necessary in the 
case of the horn where a compara- 
tively rough adjustment of the 
piston will accommodate optimum 
operation over a wavelength range 
of 2 to 1 or even more. It is pointed 
out that if the piston is replaced by 
a non-reflective medium, the horn is 
thereby made practically equally 
responsive over a wide frequency 
range, but this must necessarily be 
accompanied by an _ increase in 
power loss within the horn itself. 


A comparison is made between the 
horn radiator and orthodox aerial 
arrays and the serious difficulties 
associated with the design, adjust- 
ment and operation of the latter at 
wavelengths less than 1 m. are cited. 
In adjustment and maintenance, the 
normal methods for current measure- 
ment and phasing are inaccurate at 
the very high frequencies and resort 
has to be made to the use of field 
strength measurement equipment to 
obtain the field polar diagram. 
Furthermore, highly directive arrays 


3s 
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are critically resonant so that any 
departure from the wavelength for 
which the array has been designed 
and adjusted will result in a drastic 
reduction in the power gain of the 
system. The simplicity of design 
and operation of the electromagnetic 
horn, with its inherent wide-band 
properties, is strong recommenda- 
tion for its use in practice in pre- 
ference to an array for micro-wave 
services, and it has the further 
advantage that spurious radiations 
are negligible when compared with 
those associated with, say, a broad- 
side array. 


Design Data 


The inner surfaces of the horn 
structure must be made of some high 
conductivity material, such as cop- 
per or aluminium, but in the experi- 
mental horns just described use was 
made of galvanised-iron sheeting. In 
very large models, where weight 
might be a serious factor, it is 
permissible to construct the horn of 
plywood and then line the interior 


. with copper foil; or again the throat 


region may be constructed in the 
manner indicated, but increase in 
radial length may be achieved by 
the use of a fine-mesh gauze. By 
whatever means the conductive 
sheath is realised, it is important to 
ensure that the inner surfaces are 
smooth and free from discontinuities, 
and furthermore, efficient conduc- 
tive bonding is essential at all seams 
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and joints in the material. In order 
to reduce the power loss within the 
horn to a minimum, dielectric sup- 
ports and other bracing members 
should not be positioned inside the 
structure; in the majority of designs 
the horn structure can be made self- 
supporting and thus not require 
secondary support. When horns 
are ‘exposed to the elements ade- 
quate weather protection can be 
obtained by closing the mouth with 
a sheet of high quality thin dielec- 
tric material; wind pressure, if 
troublesome, can be reduced by the 
use of gauze as already indicated. 

In general, a horn can be installed 
in any position relative to the+rans- 
mitter or receiver and conniexion 
can be made either by wave guide 
or concentric line. In compact port- 
able micro-wave equipment, the 
horn can be mounted directly above 
the transmitter or receiver, the 
whole being supported on a tripod. 


The production of a single lobe 
vertically polarised radiation charac- 
teristic is realised when a. sinusoidal 
E intensity distribution exists across 
the mouth of the horn and this is de- 
pendent on the propagation of a 
pure Ho. wave along the horn. In 
general, a number of possible wave 
modes are generated by the excitor 
electrode and if these were allowed 
to propagate along the horn serious 
distortion of the distribution sinu- 
soid would result. In order to elimi- 
nate this effect, use is made of the 
throat attenuation qualities to the 
higher order waves and this is 
governed by the cut-off length ro 
or by the quantity wo(=ro/\z). By 
suitable choice of ao, it is possible 
for a given flare angle to afford a 
more or less non-attenuative pro- 
pagation to the Ho wave, but at 
the same time to provide almost 
complete attenuation or filtration 
to the waves of higher order, of 
which the lowest is the Hos wave. 
In practice, horns should be. con- 
structed so that the cut-off lengths 
are not too different from the opti- 
mum value for the Ho wave so that 
the maximum possible higher order 
attenuation is available. In Fig. 7 
is reproduced a curve from which 
this value may be read for any 
chosen value of %. The Hos wave 
curve is included to show the radial 
extent of the attenuation region to 
which the Hos wave is subjected. The 
optimum cut-off length and the 
extent of the attenuation zone are 
not influenced by the vertical dimen- 
sion a provided this quantity is not 
considerably greater than Az. In 
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other words the curves of Fig. 7 
hold for all truly sectoral horns, but 
when pyramidal horns are con- 
sidered account must be taken of the 
increased vertical aperture. 


Having noted the _ conditions 
necessary for the ideal mouth dis- 
tribution of intensity, it is now 
necessary to consider how any 
desired radiation characteristic may 
be obtained and to this purpose a 
number of design curves have been 
published by Chu and Barrow.’ A 
selection of these curves is repro- 
duced here to illustrate the design 
principles. 


It has been shown that the radia- 
tion characteristic may be assessed 
on either a beam angle or a power 
gain basis and that the variables 
involved are the fiare angle and the 
radial length, which latter, in terms 
of the excitation wavelength, has 
been here’ given’ the symbol 
Xr(=7/Az). In the curves which 
follow it should be noted that: (a) 
the beam angle is taken_to be twice 
the angle measured from the for- 
ward axis to the radial ordinate in 
the pattern whose magnitude is 10 
per cent of its maximum (or for- 
ward axis) value. This is taken to 
be the practical method in stating 
beam angle or width and differs only 
slightly from the theoretical defini- 
tion previously given in connexion 
with Equations (10); (b) the power 
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Fig. 8 (above). 
Fig. 9 (right). 





Power gain and 91 plotted against ¢o : 
Curves of ¢) and §u%or various values of Xr 
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gain is everywhere plotted for unity 
vertical aperture, thus the actual 
power gain is obtained by multiply- 
ing the curve value by Wr = a/\x 


In Fig. 8 are shown two families 
of curves for various values of XR 
showing the manner in which @4 and 
power gain vary with %. For a 
given value of XR, there is seen to 
be an optimum value of ¢, for 
which 4 is a minimum and for 
which the power gain is a maxi- 
mum. Again, increase in Xr coupled 
with a slight adjustment in ¢%, 
results in a sharpening of the beam 
angle and in an increase in power 
gain. It is to be noted, however, 
that the curves in the two families 
become more crowded together with 
continued increase in XR and so 
there is a practical limit to the 
improvement which can be achieved 
by increase in radial length. 


Arising out of the curves of Fig. 8, 
it is possible to draw optimum de- 
sign curves for the Hoi wave on a 
beam angle and on a power gain 
basis, and these are reproduced in 
Figs. 9 and 10. 


In Fig. 9 are redrawn the 9 — ¢ 
curves for various X rR (shown dotted) 
and through the values of minimum 
6H is drawn the solid straight line, 
from which can readily be deter- 
mined the value of % suitable for a 
given 9H. A scale of Xr, drawn in 
conjunction with the values of mini- 
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mum 493, is also provided so that the 
shortest radial length for a given 
value of 94 can also be determined. 

By way of an example, it is 
assumed that a horizontal radiation 
field is required whose beam angle is 
to be 40°. From Fig. 9, it is evident 
that the flare angle must be 25° and 
that the minimum radial length is of 
the order of 17 per wavelength. If 
the excitation wavelength is to be 
10 cm., then m is 170 cm. Referring 
back to Fig. 7, it is seen that the 
optimum value for a is about 1.5, 
from which it follows that ro will 
have to be 15 cm., giving an axial 
length of actual horn structure of 
155 cm, 


In Fig. 10 are redrawn the power 
gain —¢%. curves for various X r(shown 
dotted) and through the values of 
maximum power gain is drawn the 
solid curve. It is thus evident that 
the maxima occur at smaller ¢ for 
increase in Xp. As in Fig. 9, a scale 
of XR is also constructed so that for 
a given power gain it is possible to 
determine the shortest radial length 
as well as the appropriate flare 
angle. 


In the example already given, 
where # = 25°, the corresponding 
power gain per unit vertical aper- 
ture is found to be of the order of 
43. If a= 20 cm., then Wr= 2, 
and so the absolute magnitude of the 
power gain is 86. 


= 503020155 0 
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In Fig. 11 are reproduced curves 
showing the relation between beam 
angle or power gain and the hori- 
zontal aperture for various values of 


Xr. From this it is seen how, for a 
given radial length, the beam is pro- 
gressively sharpened with increase 
in Wu, and, furthermore, that there 
is an optimum value for Wu for 
maximum power gain with a given 
value of Xr. 


The vertical field characteristic 
(xy-plane) can be obtained from 
Equation (7), being the same as that 
for a simple hollow tube guide 
radiator, and a plot of vertical beam 
angle (@v) against vertical aperture 
(Wy) is shown in Fig.12 for the Ho: 
wave. Within limits, the design 
data already given can be extended 
to the case of the pyramidal horn, 
where flaring also takes place in the 
direction of the y-axis.- In this case 
a smooth vertical characteristic is 
only possible provided Wy is not 
made too large. This restriction is 
also necessary from the point of 
view of optimum cut-off length and 
of effective higher order attenuation 
at the throat. 


The quantities Wu, Wy, a and rx 
are all directly related to the excita- 
tion wavelength Ax, so that if the 
wavelength is altered by some fac- 
tor, then it is only necessary to 
apply the same numerical factor to 
all the linear dimensions to give the 
same radiation characteristic at the 
new wavelength. Thus, the prin- 
ciple of models can be made use of 
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in horn development when a set of 
data obtained for any particular 
wavelength can be applied directly 
to the design of a similar horn at 
some other wavelength, 


The sectoral horn, by virtue of its 
highly directive properties, may be 
used in point-to-point microwave 
communication systems when the 
relatively narrow channel ensures 
secrecy and a minimum of inter- 
ference from other sources. The 
wide-band character allows of rapid 
wave change without attendant 
trouble in radiator adjustment. Its 
use in direction-finding is also in- 
dicated as well as in the application 
to microwave field strength measure- 
ment when spurious reflexion effects 
will be reduced to a minimum. 

A number of sectoral or pyra- 
midal horns may be mounted to- 
gether to form a planar horn array, 
and this possibility has been fully 
investigated by Barrow and Shul- 
man.” Multi-unit electromagnetic 
horns, in addition to the above- 
mentioned applications of the single 
horn, possess two very important 
properties, namely, electrical steer- 
ability and relatively small radia! 
length compared with the length of 
a single horn of equivalent effec- 
tiveness. The mutual impedance 
between two -r more adjacent horns 
whos> mouths are in the same plane 
and whose apertures are several 
wavelengths, is substantially zero 
even if they are placed edge to edge. 
Horns may thus be treated as pure 
self-impedances and so the radia- 
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tion characteristic and operation of 
one horn is unaffected by the 
presence of its neighbours. The field 
configuration at a considerable dis- 
tance from the plane of the array 
may be determined from a know- 
ledge of the component charac- 
teristics, and. by suitable vhase and 
amplitude adjustments, the princi- 
pal lobe of the array may be steered 
in the usual way. Such arrays may 
be fed either by concentric lines or 
by tubular wave guides fitted with 
appropriate phasing devices. 

In a design of the simple sectoral 
horn, several modifications:-may be 
incorporated to improve the effi- 
ciency. For example, the surface 
discontinuity which exists at the 
throat, where the flared horn struc- 
ture joins the tube guide or stub, 
may be curved to give a hyperbolic 
contour. Again, the edge of the 
mouth may take the form of an arc 
of a circle, whose centre is the apex 
of the horn structure, thus conform- 
ing to the essentially radial nature 
of the horn wave propagation. 


High conductivity tubes of circu- 
lar section are probably the most 
readily obtainable in engineering 
practice and thus a hollow cylindri- 
cal tube guide can readily be con- 
structed. It is logical, therefore, to 
terminate such a guide in a flared 
mouth of circular section, the profile 
being either linear or hyperbolic. 
The associated theory, however, 
does not lend itself to such simple 
analysis as does the tube: and. horn 
of rectangular section. 
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The conical horn has _ received 
some considerable theoretical and 
practical investigation, particularly 
in its application to broadcast cover- 
age, when the radiator has come to 
be known as a biconal electro- 
magnetic horn.” The _ radiation 
field is here uniformly distributed in 
a plane. Such a horn comprises two 
smooth and symmetrical surfaces of 
revolution, which may be either 
planar or curved and which are 
placed apex to apex to form a pair 
of divergent boundary surfaces of 
varying degrees of flare. In the 
paper mentioned, the linear profile 
is chosen and a full theoretical and 
practical configuration of such a 
horn is shown in Fig. 18, consist- 
ing of two similar members (A and 
B). As before, excitation is pro- 
duced at the throat and the two 
types of wave which have practical 
application are the Eoo and Ho, the 


former producing vertical polarisa- 


tion and the latter horizonial 
polarisation when the principal axis 
(or axis of revolution of the surface 
generators) is vertical. 
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Fig. 12. Plot of Oy against Wy 
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preting the displayed image 
accurately and rapidly. 

In periods of bad visibility, radar 
mosaics or charts become increas- 
ingly useful since the surrounding 
terrain as displayed on the P.P.I. 
screen is readily recognisable when 
compared’ with the mosaic. In fact, 
it is more easy to recognise land 
features in this way than it is when 
they are viewed visually and com- 
pared with an orthodox chart. This 
is borne out by statements made by 
navigators that marine radar is 
often used for general navigation 
purposes within sight of land in clear 
weather because accurate ranges are 
constantly available and because 
lighting conditions affect the con- 
figuration of the land as seen by the 
human eye, It has been demon- 
strated that difficult pilotage, in 
foggy conditions, can be mastered by 
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Fig. 3. Scanner mounted ahead of funnel on 


General team Navigation Company’s 


T.S.M.V. ‘‘ Seamew ”’ 


the use of a marine radar equip- 
ment in the hands of a skilled 
operator. Such an operator must be 
familiar with the apparatus he is 
using and he must have thorough 


knowledge of the area through whici: 
he is passing and of the type of 
information required by the pilot, 
at every point along the route. This 
knowledge is acquired only after 
long experience in the area con- 
cerned. It is suggested that con- 
siderable time could be saved in 
foggy conditions if these charts 
were studied during conditions of 
clear visibility and compared with 
the outlines as they appear on the 
P.P.I. in order that the navigator 
could become thoroughly conversant 
with the relation between the radar 
image and the visual image. 

Inspection of the illustration will 
show that many salient features 
such as Southend Pier, the pier at 
St. Mary’s Bay opposite Canvey 
Island, the oil tanks at Lower Hope 
Point and the Docks at Tilbury are 
readily discernible. 








300 


Flectronic Engineering 


August, 1949 


VOLTAGE STABILISERS 


— Part IV 
By F. A. BENSON, M.Eng., A.M.I.E.E.* 


Alternative Bridge Stabilising Circuits 
PART from the Metrosil bridge 


circuit already described, many 
similar ones have been suggested 
from time to time. 

Bridge circuits employed by 
Lewis” and Higgs” have two dia- 
gonal arms comprised of metal- 
filament lamps, the other arms 
containing constant resistances. The 
supply voltage is applied across one 
diagonal and the output voltage is 
taken from the other. The action 
of the circuits depends on the fact 
that the resistance of a ,metal- 
filament lamp rises as the current 
rises, increasing rather quickly just 
before the glow point is reached. 
Thus, if the input voltage increases, 
the lamp resistances increase due to 
the extra current through them and 
the output voltage tends to remain 
constant. 

The principles underlying the 
design of bridge stabilisers have 
been described by Morton® and the 
balance conditions for a number of 
circuits have been studied bv 
Patchett,” Brownlee“ and Baker.” 
The bridge may have any number 
of arms, from one to four, com- 
posed of resistances with non-linear 
volt-ampere characteristics. The 
lamps used by the early investiga- 
tors may quite advantageously be 
replaced by barretters, gaseous dis- 
charge tubes, thermistors, copper 
and selenium rectifiers or materials 
such as Metrosil. The current- 
voltage characteristics of suitable 
bridge elements may, as Morton 
shows, be divided into two classes, 
as shown in Fig. 33. Materials such 
as Metrosil come into class 1, as do 
gaseous discharge tubes in series 
with a high resistance. The relation 
between V and I for a class 1 charac- 
teristic may be written V = rl + v 
where r is the reciprocal of the slope 
of the curve and has the dimensions 
of resistance. Similarly, the relation 
between V and I for elements which 
have characteristics of class 2, such 
as metal-filament lamps and_bar- 
retters, can be written V = rI-v’. 
Morton has analysed a bridge net- 
work in which two diagonal arms 
are composed of elements which 
have class 1 characteristics and the 


* Electrical Engineering Dept., University of 
Sheffield. 
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Fig. 34. Bridge circuit employing Class | and 


Class 2 elements. (Morton 


other arms consist of elements with 
class 2 characteristics (Fig. 34). 

These elements can be replaced by 
their corresponding values of in- 
ternal E.M.F.’s v and v’ and resist- 
ances r and r’. Let the input volt- 
age be Vi, the load resistance R1, 
and the load current Iy. Let the 
currents in the arms of the bridge 
be hh, I:, Is and Ik as shown. 

Then it can be shown that 


jy = Ge + 2) + rio: + 04) 
0 ee > m) + ri (Ri + 1) 

if nr = rs 14 

which is independent of Vi. It is 
necessary to add resistors in series 
with one or more of the elements to 
meet the condition mm = rr. 
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Appendix 

A N analysis is made below of the 
circuits shown in Figs. 28, 24 

and 27. 

The circuit of Fig. 23 may be re- 
drawn for this purpose as in Fig. 
35. Let the currents and voltages 
be as shown. 

By Kirchhoff’s Laws the following 
equations can be obtained : 

From A to B to C to D: 
Vi = I-(R:+ Rs) + (e+ In+ Ir) Ri 


From A to E to F to D: 
= Rie +In+ Ih) +0+0Rt 


With linear valve characteristics,* 
IR. = Tare = LV; se cwesaesticd ees (3) 


where rs is the anode resistance of 
the valve, 4 is its amplification fac- 
tor and V; is the grid voltage. 


In this case 


Vs =I1-R: en Me (4) 
From (3) and (4) 
ILRy = Tara—#(IrR2—v) ...... (5) 


From (1), (2) and (5) rearranging 
the terms: 


I.Ri+I-(Ri + R: + Rs) + 1.Ri= Vi 


DMRS ania (6) 
1.Ri+1e-Ri+I.(R:+ Rx) Vi-v 
greens (7) 
Tare = T-uR: oes TLR = —fv 
Pr eae os (8) 
Subtracting (7) from (6): 
v + Ry 
I, = Roa Roce (9) 





bg The rigorous calculation of the performance of 
these circuits would be rather complicated, so to 
simplify the problem, it is assumed that valve 
characte: isties are linear. 
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From (7) and (9): 
y= LEV: —v) (Ret Rs) 


301 


(RiRe+ RRs + RuRe+ RLRs+ RRs) — Rev] 
R:(R: + Rs) 


ACR eam scion geet (10) 


From (8), (9) and (10) and remembering that I,Ri=V., the outpui 


voltage 


Vire(R2+ Rs) + v[#R: Rs—ri( hi 3 R: +Rs )] 


Vo= Rurs(R2+ Rs) + [Ri(R:+ Ro+ #R:) + re (Ri + Re+ R:)] 





A, B E 


Ez 
, 





> OUTPUT 
VOLTAGE 
Vo 









VOL TAGE 
vi 





v rofgrenee 
voltage) 


F 


9 (Ir+To +1.) 














Fig. 35. Equivalent Circuit for Fig. 23. 


First it is required to know the ratio 
of the percentage change of output 
voltage to the percentage change of 





input voltage, i.e., the quantity 
dVo Vi. dVo Vi 
Ve ° avi ™ avi’ Ve 


Where dV. is a small change of the 
voltage Vo and dV: is a small change 
of the voltage Vi. 

From (11) 


From (11) dV./dVi 
1 


v [ Ri(#Rs—ra) oe: (12) 
ne eos = 


Equation (12) can be used, there- 
fore, to calculate the ratio of the 
percentage change of output volt- 
age to the percentage change of in- 
put voltage. It should be noted 
that the larger the value of the 
reference voltage v the smaller is 


V 
i 


WE ee eee 
the quantity vy. ° av. 1.e., the 
better the stabilisation. Also, if v 
is equal to zero then 
dV. _ dV: 
eee 
Thus, stabilisation is :mpossible 


without a reference voltage. It can 
also be seen from Equation (12) that 
the larger the value of the mutual 
conductance of the valve gm the 
better the stabilisation. Thus 
a valve with “ steep’ grid voltage- 
anode current characteristics is pre- 
ferable. 


Secondly, it is required to know 
the ratio of the percentage change 
of output voltage to the percentage 
change of the load resistance, i.e., 


<i, ee 
the quantity —— ™ To find an 


Vo * dR 
expression for this quantity Equa- 
tion (11) is differentiated with 
respect to Ri. 


Write V. = 


where 
k= Vire(R: + Ra) 4 
v [4HR.Rs 7 ra( ht: + Ro 4 R;)] 
ki = Rire(R: + Rs) and k: = 
[ R:(R: + Rs+ LR:) + 
ra( Ri + Ro+ R;)] 
sie dVo (le Ru’) 
dR, (k./ Ri + key 
ge Me ks 
dR. * Vo Ryi(ki/ Rr, + kz) 
Substituting for ki and k: 


hey / Ri, + k: 


ave Re 
dR, Ve 
1 
ae Ri, P R,, Ri LR>2Ry, 
ne ee hak ne 
Ry Re (13) 
Thus, the ratio of the percentage 
change of Vo to the percentage 


change of Ri can be found. It 
should be noted that this expression 
is independent of the value of the 
reference voltage. 

The circuit of Fig. 24 may be re- 
drawn as in Fig. 36. Let the cur- 
rents and voltages be as shown. 

By Kirchhoff’s Laws the following 
equations can be obtained : 

From A to B to C to D to F: 
Vi = Ri(Int+D+Vet+0Rt ... (14) 
From B to E to D to C: 
= 1(R:+ Rs) — IR. ...... (15) 
With linear valve characteristics as 
in the previous case: 
= (ht+I)n — #V: 
and Ve = vu — Hs. obiicseccd. (17) 
From (14), (16) and (17): 
1(Ri+ re +#R:) +15 (Ri+ Rit+r) = 
ieee iat cosasuees (18) 





From (15) and (18): 


<= 
wv Vi(R: + Rs) + v(4Rs - Ri — 1a) 
(R: + ra) (R: + Bs) + Ri( Rit rat 
R:+ Rs + HR:) 
Since Vo = [Ri 
Vo = 
Ruf Vi(Re + Rs) + 0(4Rs -Ri—r.)| 
(Ri+r)(R:+ R) + Rr (Rit ret 
R: + Rs+#R:) 
(19) 


In this case: 


av. 


qv. 
/ Ri(Ri+ Ry) 
(R: + re)(R2+ Rs) +Rr(Rit+re <- 
R:+ Rs +#R:) 
dV. | 


(dvi 


Vi 
Vo 
“I Gist eae Gere 


_v (uRs—Rs— _ 
+ Vi R:+R: 


This equation enables the ratio of 
the percentage change of V. to the 
percentage change of V: to be calcu- 
lated. As in the previous case the 
larger the value of the reference volt- 
age v the better the stabilisation. 
Also if wv is equal to zero then 
dV. dVi 
Vo Vi 
and stabilisation is impossible. 

To calculate dV./dRi Equation 
(19) is differentiated with respect to 
R1. 

Equation (19) can be written as: 

V Ri.K _ 
‘ K: + RiK: 





where 
K =Vi(R:+ Rs) + 0(4#Rs — R: — ra) 
Ki= (R: + ra) (Re + R:) 
and 
Ke= Ri (Rit r+ R2+ Rs + LR:) 
Then 


qe Ru OK 
dRi * Vo oe K.+ RK: 
Substituting for K: and K: 

dVo Ru _ 
dR. Vo 

- — 1 

, Ai ( Rit ret Ret Rs + ARs) 

(Ri + ra)(R2+ Rs) (21) 


Thus, the ratio of the percentage 
change of V. to the percentage 
change of R, can be found and again 
it does not depend on the value of 
the reference voltage. 

The circuit of Fig. 27 may be re- 
drawn as in Fig. 37. 

Let the currents and voltages be 
as shown. 
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Fig. 34. Equivalent circuit for Fig. 24 


























Fig. 37. 


By Kirchhoff’s Laws the following 
equations can be obtained: 
From A to BtoGtoH: 

Vi=Ri(ht+h+It)+(R:+ R)h-v 
From A to D to Eto H: 

Vi=Ri(h+I:+ It) + Vas + Roh. 
From C to Dto Eto F: 

Vep=KLRi — (Rs + Rs)I2 bGuabaut (24) 
With linear valve characteristics as 
in the previous cases: 

Vas= (I+ 2) ras —Hs(—Rilz) ... (25) 

and Vev= Toray —4p(hRs _ v) ‘isd (26) 


Equivalent circuit for Fig. 27 


where ras =anode resistance of series 
valve 
rep = anode resistance of paral- 
lel valve 
#s =amplification factor of 
series valve 
and #4) =amplification factor of 


parallel valve 
From (23) and (25) eliminating V.;, 
Vi=hRi+ I:( Rit ras + Us Rs) +J]y 
(Rit Rr + ras) (27) 
From (24) and (26) eliminating V,», 
Mp.v = Raby — I2( Ri + Rs + rep) + 
TiRy (28) 
Thus, from (22), (27) and (28) I: and 
I: can be eliminated and an expres- 
sion for I, obtained. 
From (22) and (27) eliminating h, 
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L = 
RV +) a Vi=R-I{ RY 
— (Rit Ri. +1s)=R } 
{Ri fae (R: + Ruts + ras)=R } 
pi eel oas (29) 
where ~R = R:+R:+Rs 


From (22) and (27) eliminating I:: 


(Vi a v)(R: + Tas + Us Rs) — 
RVi + TLRi( Ri —4sRs) 


ZR{ Rit Ris + ras } ey Py 





Sees est ssey (30) 
From (28), (29) and (30) eliminating 
I and |: 


Av — BV: 
= = = ane (31) 
where A =4,{=R(R: + ras + Us Rs) — R;'} 
— Rsbp (Ri + ras + Us Rs) 
~ Ri( Rs + Rs+ Yap) 
B= Raktp (ras + Us Rs) = 

(R:+ Rs) (Rs + Rs + rep) 

and C= Rs) Ri( Ri — 4s Rs) = 
(Ri + Rs + rap) 


{ Ri —=R(Ri+ Ri +r) 
t Rri(Ri+ R:+ Rs) (Rit res +Hs Rs) 


~ RR? 
 Vo=IRi= HuAe BY) (32) 
In this case 
aVo _ _ BR, 
| C 
_ avo Vi 
av. °F 
Bm Mie. at 
C * Ru(Av—BD)) __Av 
BV: 
ree (33) 


Thus again the reference voltage 
v is necessary for stabilisation and 
the larger its value the better is the 
stabilisation. 

From (32) it can be seen that if B 
is zero, then the output voltage is 
independent of the input voltage Vi 
and only depends on the reference 


voltage. 

eee 
Rsby (res + Us) =(R2 + Rs) (Ri t+ Rs + rap) 
Thus with this condition, if the 


reference voltage remains perfectly 
constant, so does the output voltage. 


From (82): 
dVe Ry 
di ° Ys 


C— Ry { RtpRit SR Rit rox t HR 
= Rk, iy Rs =~ ray) ~ Rx’ } 


Bee Sar (34) 
Thus, the ratio of the percentage 
change of V. to the percentage 
change of Rx can be found. 

















-Hs Rs) 


(80) 
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_ (31) 
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#sRs) 
+ Yap) 
+ Yap) 


H.R.) 
LR? 


(32) 





_Av 
BV: 
(33) 
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B.B.C. Television 






WEATHER 
THIS 
EVENING 











HOME BUILT RECEIVERS FOR 
RADIOLYMPIA 


We are pleased to announce that the ‘‘ Home Built 
Televisor,’’ designed by Messrs. W. |. Flack and N. H. 
Bentley, has now been adapted by W. I. Flack for reception 
of the Sutton Coldfield transmissions. The design is 
essentially the same as the original receiver for the 
Alexandra Palace transmissions and the modifications apply 
only to the sound and vision receiver portions. 


Full constructional details are being prepared in a 
booklet, similar to the existing ‘‘ Home Built Televisor,”’ 
which will be published in time for Radiolympia. 


The Sutton Coldfield Televisor booklet, the price of 
which will be 4/6, will include a full list of approved com- 
ponents, all the necessary wiring diagrams, and a simplified 
wiring diagram. 

We are also pleased to announce that a High Fidelity 
Frequency-Modulated Receiver has been designed for us 
by Dr. K. R. Sturley. This receiver will be suitable for 
reception of the B.B.C.’s F.M. transmissions to take place 
from Wrotham this autumn (see Electronic Engineering, 
p. 248, July, 1949). A booklet giving full constructional 
details of this interesting receiver will be published, and 
further particulars will be given in the September issue of 
‘* Electronic Engineering.’’ ; 


It is proposed to publish a design for a ‘‘ De Luxe ’’ Model 
of the ‘‘Home Built Televisor’’ to give still further 
improved television reception, together with gramophone 
reproduction and high quality all-wave reception. 


The Sutton Coldfield and Alexandra Palace Home Built 
Televisors, the Frequency-Modulated Receiver, and the 
‘*De Luxe ’’ Edition of the Home Built Televisor will all 
be displayed on Stand 155 at the forthcoming Radiolympia. 
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"Stills © 


WEATHER EXPECTED 
TOMORROW MORNING 






Weather forecasts for television viewers will be inaugurated on 
July 29th, 1949. They will be prepared by the B.B.C., in collaboration 
wit? the Meteorological Office, and the spoken forecast will be illustrated 
by two charts specially designed for the television screen. One will 
show prevailing conditions, and the other those forecast for the following 
day. Samples of the charts to be used are shown at the top of this page. 


The B.B.C. also announces the alteration of the tuning signal radiated 
for five minutes before each programme. As will be seen from the 
illustration of the new signal below, the changes comprise the addition 
of a clock face in the centre and lettering to indicate the correct shade 
of the contrast gradations. 
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CORRESPONDENCE 


Variable Frequency R.C. Oscillators 


I have read carefully through the 
letters from Mr. Parton and Mr. 
Roorda, checked the analysis per- 
formed by the latter and_ re- 
calculated the attenuation ratios 
and frequency coefficients for 3, 4, 
5 and 6-stage R.c. networks as given 
in Mr. Parton’s letter. 

In my list of attenuation ratios 
there are two correct results and 
two with relatively small errors, 
caused by making rough approai- 
mations. 

As regards my table of frequent 
coefficients, the figures are in error 
by a factor of two, although the 
original network analysis which I 
made, and which is repeated in an 
abbreviated form below, leads to 
precisely the same general results as 
those obtained by Mr. Roorda, using 
an entirely different theoretical 
approach, 

Regarding the more _ practical 
points raised by Mr. Parton, the 25- 
17,000 c/s. oscillator shown in Fig, 4 
uses a 5-step rR-c. network, the 
nominal maximum variable capaci- 
tance being 500 pF. The frequency- 
coverage figures shown are practical, 
measured values. The resistors used 
are of 10 per cent tolerance and were 
not specially selected. 

Differences between the observed 
and the theoretical frequency cover- 
ages are due primarily to the phase 
shift occasioned by the grid stopper 
resistance and the input capaci- 
tances of the cathode follower and 
first amplifier valves. At the low- 
frequency end of the range, coupling 
capacitors and associaled grid resis- 
tors cause additional phase displace- 
ment and reduction of frequency. 

I am indebted to both correspon- 
dents for pointing out the errors in 
my paper and appreciate very much 
the amount of work they have done 
in order to correct them. At the 
same time, I am anaious to re- 
assure readers of the practical 
soundness of design of the oscilla- 
tors described, notwithstanding my 
mistakes in the exposition of the 
theory. 


Analysis of Generalised Ladder 
Network 
(See ‘Electric Circuits and 


Wave Filters.” 
1934 edition.) 
In the figure below, let 
a = series impedance element 


A. T. Starr, p. 78, 


1 : 
b =-— =shunt impedance element 
y = shunt admittance element 
By inspection, the input impedance 
is seen to be: 
1 1 1 1 
Zin => a + a Gege: id ~erge etc. 
ot at gt a+ 
The successive even convergents to 
this continued fraction are: 
a’ +8ab + b* 
a+2b 
a’ + 5a"b + 6ab’+b* 
a’ + 4ab + 2b* 
a’ +7a"b + 15a°b’ + 10ab* + b* 
a’ + 6a°b + 9ab’ + 3b* 


C:=at+b; C= 


Cs= 


Cw= {a’ + 9a'b + 28a'b’ 


+ 85a°b* + 15ab* 4 pS 
2 f a' + 8a°b + 20a°b* + 17ab'+-46* 


= 
Cx= { a’+1lla’b + 45a‘b* + 84a°b’ 
+70a°b*+ 21ub’+ b* } 
- { a’+10a‘b + 85a°b* 
+ 5la’b*+ 39ab‘ + 5b° \ 


The odd convergents 
interest here. 


are of no 


The above expressions represent 
the input impedances of increas- 
ingly complex networks. 

The transfer impedances and 
attenuation ratios for each are 
given by the successive numerators 
of the even convergents, divided 
respectively by b"-' and b". 


Writing down the complex 
attenuation ratios and, for the R.c. 
network, setting a=R,b = 1/jo€ 
and writing « = CR, we have, on 
separating the real and imaginary 
parts: 

As = attenuation ratio for 3-stage 

circuit 
“er eo 5a° + ja(6—a") 
For 180° shift, the coefficient of j 
is zero and @ = 6, 
The attenuation is thus As = —29 


and the frequency is given by 
o(R* = 6. 
V6 _ 0.3898 
Heace f= —- *--—— 
nse. ar 


The complex attenuation ratios for 
4, 5 and 6-stage networks are given 
by: 
Ai=a* — 150° +1 + j2(10—72°); 
As=90' —350° + ] 
+ ja(15 — 280° +a'); 
Ac= —2" + 45a* —70a* + 1 
+ ja(21 —840°+ 112°), 
Evaluating the attenuation ratios 
and frequency coefficients from 
these equations, the following 
figures have been tabulated for com- 





parison with those given in the 
above letters: 
| Attenuation | Frequency 

Steps — Ratio | Coefficient 

3 —29 | 9.3898 

and —18.387 0.1902 

$<. —15.427 0.1176 

6 —14.116 0.0810 











It will be seen that, even when the 
utmost care is taken over these com- 
putations, there are still small dis- 
crepancies between the figures 
derived by Mr. Parton, Mr. Roorda 
and myself. The variations arise 
because there are small quantities 
involved which are the differences 
between relatively large quantities, 
a condition which makes for. large 
percentage errors in the results. 








General ladder 
network 
(Referred to in letter 
from F. Butler.) 
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It may be of interest to point out 
that the product of the frequency co- 
efficients for an R-C ladder and for 
its inverse C-R network is a constant. 
This fact is not generally known, 
although it is evident from the table 
given by Mr. Parton, in which the 
product in question is approxi- 
mately 0.02535. The precise value 
of the constant should be 1/47”, i.e., 
0.02533. 

F. Butter. 


Wave Analyser Performance 


Dear Sir,—In your May issue, 
Mr. N. F. Barber discusses methods 
of overcoming the inherent limita- 
tions of Wave Analysers and other 
types of Panoramic Display. His 
approach may be summed up thus: 
The factor K (relating sweep rate 
and filter width) is increased, and 
the resulting distortion allowed for 
‘by applying correction factors. 


For normal purposes, K is taken 
as < 0.5,’ at which value the distor- 
tion is negligible, and correction is 
unnecessary. An increase to K = 1 
involves a small amount of distor- 
tion which might be considered neg- 
ligible for many purposes. Further 
increases in K introduce a highly 
complex “ring” distortion, and 
correction becomes essential. 

Taking one case quoted by Mr. 
Barber, if K=4, the effective 
bandwidth is doubled. If, however, 
the actual bandwidth were doubled, 
K would be reduced to unity. No 
corrections would be necessary, and 
the sweep could be the same. There 
seems no point, therefore, in raising 
K to 4. 


Mr. Barber shows that the opti- 
mum value of K, giving the mini- 
mum effective filter width, is in the 
region of 8. The minimum effective 
bandwidth so obtained is, however, 
only 20 per cent less than that 
obtained with K=1. The advan- 
tage gained is thus small, even in 
the optimum condition. 


The analysis also fails to consider 
the minimum useful frequency to 
which the sweep can extend. Refer- 
ence is, in fact, made to a sweep 
from 0 to 10 Ke/s. in 100 seconds. 
The sweep rate would be 100 c/s/s. 
for a linear sweep, and it is doubt- 
ful if the range below 200-800 c/s 
will be of much value. 


The difficulty here may _ be 
resolved by use of a log, law 
sweep.” This also enables the 
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sweep time to be reduced, especially 
if arrangements can be made to 
alter the filter width to maintain 
constant K. A good example of an 
instrument using this principle is 
the American ‘ Sonic Analyser ” 
(Panoramic Radio Corpn.) which 
scans from 40 c/s to 20 Ke/s in one 
second. The K value is greater than 
unity, but the filter is designed so 
that the ring distortion is kept to 
a minimum. 

G. L. Hamburger has proposed the 
use of a hyperbolic law sweep. (Dis- 
cussion on Ref.’) This is based on 
analysing filters of constant Q. 

These methods of improving the 
sweep time involve no tedious cor- 
rections to the readings, and have 
proved suitable for most practical 
requirements. 


Yours faithfully, 
D. W. THomasson. 


References. 


1 “‘ The Principles and Practice of Panoramic Dis- 
play.” D. W. Thomasson. J.Brit.I.R.E. VII, 
4,171, p. 154. 

2 ** An Automatic Response Curve Tracer.”” G. L. 
Hamburger. Ibid: 


Mr. Barber replies : 


Mr. D. W. Thomasson ignores the 
distortion which occurs at a value 
K=1. From the response curves 
given in Fig. 1 of my article or from 
the curve of Fig. 4, it will be seen 
that at K=1 the bandwidth is 
effectively 30 per cent greater than 
its normal value. There is also an 
appreciable lag in the peak response. 
The argument therefore, stands as 
follows: a filter working at K = 4 
with unit nominal pass band has an 
effective pass band of 2 units. At 
the same rate of change a filter 
with a nominal pass band of 2 units 
would be working at K =1, and 
have an effective pass band of 2.6 
units, 80 per cent greater as my 
curve of Fig. 5 indicates. The dis- 
tortion moreover is still appreciable, 
the lag of the peak response being 
0.35 of the effective bandwidth or 
0.9 units. This is not much less than 
the lag of the peak response of the 
narrower filter which is 0.6 of its 
effective bandwidth, or 1.2 units. 
It is misleading therefore, to sup- 
pose that because there is no 
obvious ‘ ringing’? at K=1 the 
distortion is quite negligible com- 
pared with that at K = 8 where the 
“‘ ringing ’”’ becomes obvious. If 
Mr. Thomasson -finds in practice 
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that he meed' make no correction 
in frequency qnd amplitude at 
K =1, I think this is because he 
has arranged his scanning system 
to maintain a constant rate of sweep 
so that K is constant and the fre- 
quency error is uniform throughout 
the scale and may be set right by a 
small shift of the frequency scale. 
Similar techniques applied to e 
system using K = 8 would provide 
an automatic correction with 30 per 
cent better resolution in the same 
time. 


My aim in the recent articie was 
to show that “ ringing’”’ is not a 
mysterious phenomenon involving 
unknown errors and that one may 
as well take any advantages it 
offers. A simple rule is as follows: 
if a spectrum is to be explored at a 
rate of x c/s. per second the best 
resolution obtainable is Vx c/s. 
effective bandwidth and is achieved 
by using a filter with a nominal 
bandwidth of about 0.86 Vx c/s. 
though any value between } Vx 
and $ Vx is almost as good. 

My findings do not at all detract 
from the value of the interesting 
articles by himself and by Mr. G. L. 
Hamburger that Mr. Thomasson has 
cited, I have in fact provided an 
answer to Mr. Hamburger’s com- 
plaint that “‘ the law of frequency 
sweep versus time for a display com- 
prising several octaves cannot be 
stated wnless the actual response 
curve is known, and we have made 
up our minds as to what distortion 
we can tolerate.’’ The distortion 
at K = 1 is appreciable and if one 
is to work at K = 3} where the dis- 
tortion is small it means a consider- 
able waste of time. By working at 
a uniform value K = 8 either with 
a linear scale and constant band- 
width, or with a hyperbolic time 
scale and constant Q the power and 
frequency corrections are uniform 
throughout the analysis and are pro- 
vided automatically by a shift of 
the scales. The analysis at K = 8 
is obtained in about one-third the 
time of a similar analysis made at 
K = }. 

A point I did not make in the 
recent article is that there is appre- 
ciably less breakthrough of un- 
wanted frequencies at high K values: 
than at low ones. It is interesting 
too that for some purposes the form 
of the “ ringing” at very high K 
values of 25 or 100 has special ad- 
vantages. I may be able to make: 


these points in a later article. 
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G.E.C. Fixed-Mobile F.M. 


HE transmitter-receiver pictured above 

is used in the mobile stations of the new 
G.E.C.. multi-station F.M. system. In a 
typical arrangement there are three fixed 
stations, a master and two links (or 
satellites), using a total of two or four 
frequencies, depending on whether land- 
lines are available from the links to the 
master. 

Due to the extra path length of the signal 
going via a link transmitter to a mobile 
station, the direct transmission from the 
master station has to be delayed by 5uS per 
mile so as not to arrive in anti-phase at 
equal signal strength areas, where serious 
distortion would otherwise occur. 


G.E.C., Ltd., 
Magret House, Kingsway, London, W.C.2. 


L.F. Oscillator 
(Photo below) 

HE Edison Swan Electric Co., Ltd., have 

introduced a new low frequency oscillator 
designed for testing, calibration, and set-up 
of biological amplifiers, recorders, strain 
and vibration recorders, and low frequency 
wave analysers. 

It has a resistance/capacity circuit of special 
design with automatic amplitude control to 
ensure constant output and good waveform 
at frequencies from 1.1 to 5,000 c/s. The 
circuit is remarkably free from trouble 
associated with change of valve character- 
istics, ensuring that accuracy is dependent 
upon only the frequency selective network 
components. 

An incremental frequency switch is in- 
cluded specifically for the measurement of 
Q in frequency selective circuits of filters or 
wave analysers. 


Edison Swan Electric Co., 
155 Charing Cross Road, London, W.C.2. 





E.T.A. IF. Transformers 


Te types of permeability trimmed I.F. 
transformers have been produced by 
Electro Technical Assemblies, the ITII 
(with grid lead on top) which is critically 
coupled, and the IT}2, which is overcoupled 
for feeding a standard diode circuit. Silvered 
mica fixed capacitors are used, and the whole 
assembly is impregnated to ensure stability 
of characteristics. The trimming screws are 
brought out at the side of the screening can 
so that alignment can be carried out above 
the chassis. 

The transformers are I4 inches in diameter 
by 24 inches tall, and have fixing lugs at 
14 inch centres, so that they conveniently 
mount over an international octal size 
chassis hole. Frequency range is 450- 
480 Kc/s, and a Q of 110, with can in place, 


is claimed. 
Electro Technical Assemblies, 
West Hill, St. Leonards-on-Sea, Sussex. 


The Alpha Leakproof Battery 
(Sketch on right) 


i ge Alpha Leakproof Cell (British Patent 
No. 531237), remains absolutely as new 
during its shelf life; it will not leak, 
withstands rough handling and wide tem- 
perature variations and has a_ greatly 
increased store life, say the manufacturers. 

These advantages are obtained by the use 
of specially selected materials and a doubly 
insulated and doubly sealed steel container 
which completely encases the cell, so that 
it cannot leak. Alpha Accessories, Ltd., 
will replace not only the battery, but also 
any torch which may be damaged as a result 
of such a cell proving to suffer from defects 


common to ordinary batteries. 
Alpha Accessories, Ltd., 
Hayes, Middlesex. 
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A monthly record of British elec. 


accessories, compiled from information 


Shaded Pole Motor 


eae yt Sound Reproducers’, Ltd., 
models S.R.| and $.R.2 shaded pole motors 
have been designed to give silent and 
trouble-free running in such applications as 
gramophone motors, wire and tape recorder 
drives, fan and timing mechanism motors. 
They will stand heavy overloads, and for 
intermittent ratings are capable of giving 
up to twice the rated power. The rotor 
bearings are the self-aligning graphite 
bronze oil-less type. 


Specification 
TypeS.R.2 TypeS.R.1 


Watts (light)... 17 21 
R.P.M. (light) 2,750 2,750 
Starting torque 

(ozs.) 1.7 2.3 
Full load torque 

(ozs.)* ... i. ae 3.0 
Full load r.p.m. ... 2,000 2,000 
Weight (Ib.) 1.7 2.31 
Shaft diameter 

(inches) 0.1875 0.1875 


Birmingham Sound Reproducers, Ltd., 
Claremont Works, Old Hill, Staffs. 
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Co-axial Connector 
(Photo below) 


A SPRING-LOADED bayonet type co-axial 
plug and socket have been produced by 
Aerialite, Ltd. They are interchangeable 
with standard British and American car 
radio connectors, and will take co-axial 
cable sizes } inch to 4 inch outside diameter. 
No soldering operation is required to fit 
the plug. 

The socket is fitted to the instrument or 
set by nuts and bolts or rivets. All parts 
are nickel-plated brass, except the contacts, 
which are silver plated. 

Aerialite, Ltd., 
Castle Works, Stalybridge, Cheshire. 
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Spearette B7G Valve Extractor 
(Illustrated on left) 


A= B7G miniature valve extractor is 
being manufactured by the Spear 


' Engineering Co., Ltd. The device shown in 


the photo is pushed over the valve it is 
required to withdraw, and this is held 
firmly by a rubber compression ring inside 
the cylinder. When the valve is free, it is 
pushed out of the extractor in the same 
direction, i.e., top first. A further model 
for B8B or B8G valves will become available 
shortly. 
Spear Engineering Co., 
Titan Works, Warlingham, Surrey. 


Hills Automatic X-ray Exposure 
Control 


(Illustrated on right) 


Bee unit has been developed in collabora- 
tion with Dr. T. Hills, of Guy’s Hospital, 
and is intended for precision mass-radio- 
graphy, particularly chest work, using full- 
sized radiographic equipment, as opposed to 
miniature techniques. A photo-cell circuit 
monitors the intensity of X-radiation falling 
upon the photographic film contained in a 
cassette, and the exposure time is adjusted 
automatically to provide a constant exposure 
of the photographic medium, and thus gives 
a uniform density and graduation to all 
negatives. The control is fully automatic, 
affording a very considerable speeding of 
routine diagnostic radiography, as_ trial 
exposures and adjustments are eliminated, 
and a group of patients can be radiographed 
in quick succession. Furthermore, a series 
of radiographs obtained over a period of 
time on one subject are all of standard 
densities, thus facilitating the. recognition 
and study of small tissue changes over a 
considerable time interval. A further valu- 
able feature is that variations in the output 
of the X-ray tube caused by mains input 
fluctuations, etc., are also compensated for 
instantaneously by the control circuits. It 
is recommended to obtain the full benefit of 
the automatic control, that the darkroom 
processing be rigidly standardised upon a 
time and temperature basis. 

Alltools, Ltd., 


2 Transport Avenue, Great West Road, 
Brentford, Middlesex. 


The Ekco Solder Pencil 
(Illustrated above) 


HE Ekco Solder Pencil, a miniature 

soldering iron of special value in the 
making of miniature and sub-miniature 
electronic equipment, has recently been 
placed on the market. Neat in design, 
light in weight, it can be comfortably 
handled all day without overheating, and 
its power consumption is low either from 
battery or with transformer on mains 
operation. A welcome feature is the 
heating of the bit to soldering temperature, 


from cold, in fifty seconds. 
E. K. Cole, Ltd., 
Southend-on-Sea, Essex. 
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ELEMENTS OF ELECTRONICS, by 
G. Windred. 15s. Postage 8d. 
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Partridge transformers is available 
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in double quick time. Whatever 

your transformer need, first consult 
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* Note: All Partridge components 
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TRANSFORMERS LTD 
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Records and Research in 
Engineering and Industrial 
Science 


A Guide to the Sources, Processing and 
Storekeeping of Technical Knowledge— 
with a Chapter on Translating. By J. Edwin 
Holmstrom. Second revised and enlarged 
edition. XIl, + 366 pp. Chapman & Hall, 
Ltd., London, 1947. Price 2Is. net. 


HE large interest in the organisa- 

tion of the scientific and technical 
information service found its expression 
by the formation, on the part of the 
Government, of a “‘ Panel on Technical 
Information Services of the Committee 
on Industrial Productivity ’’ in 
December 1947 and by the convening 
of the “ Royal Society Scientific Infor- 
mation Conference ” held in June/July 
1948. The author of the book under 
review is a member of that Govern- 
ment panel and not only contributed 
three papers to the conference but 
acted also as editor of its section III 
dealing with “ Indexing and other 
Library Services.”’ 

The book which appears now in its 
second edition was first published in 
1940 when it was greeted as a com- 
prehensive and admirable guide to 
sources of information and its great 
value to business men, scientists, en- 
gineers, teachers, consultants, abstrac- 
tors, translators, indexers and 
librarians was rightly stressed by the 
scientific and technical press. As the 
first edition appeared early during the 
war many of those interested in the 
subject may not have had an oppor- 
tunity to get acquainted with its con- 
tents and, therefore, a brief review of 
the second edition will not be out of 
place. 

A characteristic feature of the book 
is a chart representing the whole field 
of ‘‘ documentation *’ which serves 
for collecting and distributing scienti- 
fic knowledge from hypotheses found 
by speculation to the application of a 
final. product by the ultimate consu- 
mer. These charts are printed on the 
two end papers and some of the chap- 
ters, especially the second, are 
devoted to their detailed explanation. 

The introductory chapter shows’ by 
the help of a well-chosen example 


how knowledge is pooled from 
different sources. But it also stresses 
that ‘“‘ every question scientifically 


answered gives rise to others”? and 
that ‘‘the goal of perfection is con- 
tinually being approached but never 
reached.’’ Examples are given of the 
attainment of scientific knowledge by 
controlled: ..experiment, controlled 


‘duction management. 
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sampling and controlled guesswork 
and how the results of such research 
are collated by individuals and by 
organised bodies. 

The following chapters, besides ex- 
plaining the charts, show the succes- 
sive phases in scientific work whereby 
new knowledge is obtained, recorded, 
distributed, stored, selected and 
applied to practical ends. The plan- 
ning of research projects usually takes 
its start from measuring the proper- 
ties of the materials to be used so that 
a solid foundation is obtained for the 
design whether it be for a large work 
of civil engineering or a manufactur- 
ing process, The importance of 
accurate gauging for mass production 
is stressed. 

Then the various kinds of tests are 
analysed. They may he of an 
analytical nature or may be carried 
out in a simulated or an actual perfor- 
mance, Statistical methods play their 
part in the examination of the results. 
The tests may be destructive or non- 
destructive. In some cases indirect 
test methods may be used. Examples 
are given for all these kinds of tests. 
A broad acquaintance with fundamen- 
tals is essential] as knowledge in one 
branch of science may be necessary for 
progress in an_ entirely different 
branch. 

Standardisation on an_ internal, 
national or international level may 
lead to a considerable saving of costs 
by copying what has been found to 
work bey But it must not be done 
prematurely and provision for future 
revision must be made. 

The linkage between the physical 
and the human is formed by the pro- 
Those respon- 
sible for it must not be specialists but 
should have a wide scope of interest 
and a variety of skill on one side and 
be leaders of men on the other side. 


Manufacturing processes may _ be 
rationalised, e.g., on the basis of 
motion and time studies. A sound 


method of cost accounting must fulfil 
among other tasks that of an equit- 
able allocation of overhead costs. 

A somewhat brief section deals with 
inspection. The routine testing of 
boilers, engines, electrical plant, etc. 
(*‘ the conscience of the concern ’’) is 
in fact not only very important for 
the safety of the user but frequently 
furnishes valuable contributions to 
improvements in design and manufac- 
turing processes. 

The author then deals with inven- 
tions, paténts and planning. In decid- 
ing whether an invention merits to be 
carried into effect some kind of ‘‘ com- 
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REVIEWS 


mercial research” is indispensable. 
The procedure in acquiring patents is 
briefly dealt with weg some controver- 
sial questions as regards patent politics 
are mentioned. 

In assessing the knowledge value of 
the results achieved practical ex- 
perience is of paramount importance. 

Chapter III is the longest and 
enumerates and _ characterises the 
experimental organisations in Great 
Britain, suitable for providing ‘* Pri- 
mary data by experiments, tests and 
analyses.” Some interesting figures 
are given relating to the expenditure 
of the various institutions, to the ratio 
between university students and popu- 
lation in different countries and_ be- 


tween the number of advanced students 


to the total number of students. The 
research fellowships endowed by indus- 
trial firms are mentioned and _ the 
specialised fields on which research is 
carried out at different universities 
are listed. Then the activities of the 
Government research stations under 
the administration of the Department 
of Scientific and Industrial Research, 
e.g., the National Physical Labora- 
tory, are described in detail. The 
trade research associations, the re- 
search institutions of the defence ser- 
vices and other government depart- 
ments and those of industrial concerns 
like I.C.1., G.E. Co., Ltd., and others, 
are discussed. Finally those dealing 
with production and personnel are 
dealt with and the part played by 
psychotechnics is mentioned. 

The next chapter deals with British 
collative organisations under which 
heading _ the unspecialised and 
specialised learned societies, the stan- 
dardising institutions, the development 
organisations, the classification societies 
and the like are described. 

Chapter V, which in the first edition 
was combined with the preceding one, 
describes the respective international 
and foreign organisations. The author 
is correct in stating that an amplifi- 
cation of this chapter might be 
desirable. What is said about Russia 
and Germany is of necessity somewhat 
sketchy. But especially in France 
much research work is done and 
documentation is on a high level at 
least in some branches of engineering, 
to which facts reference might be 
made in a later edition. 

The two following chapters are in 
the author’s opinion the most im- 
portant of the book as the collection of 
data from technical literature (Chapter 
VI) and the methods by which facts 
and ideas may be sorted and inte- 
grated (Chapter VII) are relatively 
neglected branches of scientific work. 


Electronic Engineering 


To bring the numerous original pub- 
lications in periodicals, specific re- 
ports, books, works of _ reference, 
patent specifications, catalogues, etc., 
to the knowledge of those interested 
abstracting services are indispensable 
which tell the worker which are the 
most promising references and save 
him from wasting time. A very useful 
list of such abstract series is given 
together with a key age re | their 
character. The work of A.S.L,I.B. 
and similar bibliographical associa- 
tions and some of the more important 
libraries are described. The important 
fact that nearly 22 millions of books 
inclusive of those of the Science 
Museum Library’ are _ obtainable 
through the National Central Library 
from any of the numerous local 
libraries is presumably very little 
known. 

Some useful] hints are given on note 
taking and a dozen of different sug- 
gestions are made on the use of 
publications, in which connexion 
Bacon’s saying is quoted “ To spend 
too much time in study is sloth.” 

Cataloguing, analytical indexing and 
index filing are explained in Chapter 
VII and it is shown how the require- 
ments and methods differ for indexing 
a central library, a special library or 
information bureau and index filing 
by an individual who uses his per- 
sonally selected material for aiding the 
development of his own ideas. Special 
classification systems are described, 
e.g., that of the Science Library, the 
Universal Decimal Classification, the 
Kaiser system with its ‘‘ concrete ”’ 
and “‘ process’? terms, the advisable 
methods for organising an efficient in- 
formation service within an organisa- 
tion. After describing his own system of 
index filing, the author shows howsuch a 
system is well adapted for the integrat- 
ing of ideas to form new knowledge. 
A few remarks are made about patent 
classification and on various methods 
of automatic sorting of indexing cards. 

Chapter VIII under the title “ the 
expression and transmission of facts 
and ideas’’ deals with graphic repre- 
sentations, mathematics, speaking, 
writing, dictating, typewriting and 
duplicating, photographic reproduction 
and—as the latest develonment—with 
the microfilm service. Also a few 
paragraphs are added on printers and 
publishers. In giving good advice, the 
author rightly stresses the desirability 
of terse, precise and purposeful expres- 
sion in speaking and writing and gives 
some examples of good and bad style. 

The book ends with two brief chap- 
ters on foreign languages and their 
translation and on the technician as 
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a person. The author gives some 
helpful hints on the learning of 


languages, on the procedure in trans- 
lating and on technical dictionaries. 
The existence of the ‘ A.S.L.I.B. 
Register of Specialist Translators,” 
mentioned in a_ preceding chapter, 
merits certainly to be more widely 
known. 

Questions of education and training, 
conditions of work and salaries are 
briefly dealt with and a list is given of 
firms providing trainee schemes for 
engineering graduates. 

The book is well printed and author 
and publisher can be congratulated on 
having produced such a readable book 
with such a vast amount of useful in- 
formation. It can be strongly recom- 
mended not only to all those interested 
in the wide field of documentation but 
also to every engineer and scientific 
worker engaged with original or literary 
research, R. NEUMANN. 


The Instrument Manual 


548 pages + cxiii. (United Trade Press 
Ltd., 24, Bride Lane, Fleet Street, London, 
E.C.4), 70s. 


Fo Fe org gy the first query, the 
editor of this book has defined his 
subject as ‘‘ devices to facilitate obser- 
vation, make measurements, record 
data and manually or automatically 
control processes. Apart from the 
handbook issued by the Physical 
Society of Scientific Instruments 
shown at their annual exhibition, there 
has been no British directory of these 
instruments. The book under review 
sets out to provide such a guide to the 
industry and is intended for those who 
have applications for measurement or 
control apparatus rather than those 
concerned in its design. The Instru- 
ments described range from a simple 
micrometer to an electron microscope, 
and in addition there is a long chapter 
in which Automatic Controls from a 
diaphragm valve to a complete indus- 
trial air conditioning plant are des- 
cribed. The book is divided into 
twenty-one sections and most of these 
are concerned with the measurement or 
control of a particular function or 
characteristic such as temperature, 
pressure, humidity, specific gravity, 
time, pH and fluid flow. One of the 
most interesting of these chapters is 
entitled ‘‘ Instruments for the deter- 
mination of Compositional Quality,” 
and this discusses emission spectro- 
scopy, absorption spectrophotometry 
X-ray diffraction, electron diffraction, 


mass spectrometry, radiography and 
gas analysis including infra-red absorp- 
tion and recording calorimetry. In 
covering such a wide field the treat- 
ment can of course only be very 
general, but compensating for this, an 
important feature of the book is the 
bibliography of recent work, a list of 
relevant B.S.I. specifications and a 
Buyer’s Guide at the end of each sec- 
tion, 

Bearing in mind that a book of this 
type, to be useful, must provide refer- 
ence information to the specialists in 
their own fields, some of the sections 
are rather sketchy. The chapter on pH 
measurement, for instance, gives a good 
account of the elementary principles of 
the subject, but misses a good opportu- 
nity to bring industrial chemists, and 
others interested, up to date with the 
equipment available. It would have 
been useful to have recorded the formu- 
le and tables of £.M.F.s that are re- 
quired to calculate out the pH values 
or alternatively to include something 
about the functioning and versatility of 
the new direct reading pH meters. The 
chapter on Optical Instruments could 
have left out some pictures of micro- 
scopes and mentioned a few of the many 
other optical instruments (such as the 
profile projector) that have important 
industrial applications. 

The majority of instruments and con- 
trol gear described are mechanisms and 
although electronic devices are not 
ignored, the authors are evidently more 
acquainted with precision light engi- 
neering than with electrical engineer- 
ing. The vacuum mercury tube switch 
is a useful instrument component, and 
the chapter on Automatic Control 
makes great use of it, but the diagram 
on page 410 needs at least one more 
line to make the circuit feasible, and 
quite a lot more to make it useful, The 
electronic engineer will find very few 
circuit diagrams in the book and be 
disappointed in the subjects chosen for 
the section entitled ‘‘Review of Progress 
in Electronic Devices.’ It is felt that 
some mention of the electric servo 
mechanisms and the applications of 
magnetic amplifiers would be more in 
keeping with the aims of the book than 
the descriptions of the magnetron, klys- 
tron and communication techniques. 
The reference to “‘ Stratovision ’’ seems 
to be particularly out of place when so 
much development in instrument prac- 
tice could be recorded In the first edi 
tion of such a collection of information 
there are bound to be some typographi- 
cal errors; two or three of these were 
noticed among the Temperature Con- 
version factors on page 224. 

The book is well illustrated with hun- 
dreds of diagrams showing the elemen- 


tary principles of the various instru- 
ments described, and the text has been 
written in simple descriptive language 
assuming little technical knowledge on 
the part of the reader. A directory of 
British Industrial and Scientific Instru- 
ments could fill several volumes of this 
size and it is therefore easy to think of 
items that have been left out, but the 
considerable effort represented by this 
book has resulted in a useful start to a 
Standard directory. 
W. R. Conway 


The Radio Amateur 
Handbook 


26th edition. 605 pages. (The Rumford 
Press, New Hampshire, U.S.A.), $2. 


HE Radio Amateurs Handbook, an 
annual publication by the Ameri- 
can Radio Relay League, is well known 
to British amateurs among whom it has 
acquired a well deserved reputation as 
a standard manual and reference book. 


It covers every aspect of amateur 
activity and its treatment of radio 
communication theory is _ directed 


towards sveedy application rather than 
abstract discussion. 

In traditional style the first four 
chapters are devoted to the history of 
amateur radio, electrical theory, includ- 
ing valves, and the principles of high 
frequency communication. _ The next 
20 chapters, as in previous editions pro- 
vide designs for modern transmitters, 
receivers, and aerial systems, together 
with constructional details of useful 
apparatus which will assist in their 
assembly and maintain and test their 
performance. The final chapter of 51 
pages provides that valuable feature, 
which is always associated with this 
publication, of the tabulated operating 
conditions of many hundreds of trans- 
mitting and receiving valves. 

In the 1949 edition the section on 
power supplies now includes seme useful 
curves on capacitance input filters and 
to the chapter on antenna and trans- 
mission lines has been added graphs of 
director, antenna, and reflector lengths 
for three element beams. The last 
chapter too, on vacuum-tube data, has 
been extended and now covers sub- 
miniature and_ cavity magnetrons. 
Alterations have been made in presen- 
tation,in index and text, but the modi- 
fications are small when viewed against 
a background of 605 pages. The re- 
viewer consequently would _ strongly 
recommend the purchase of this 26th 
edition to any amateur not already in 
possession of the 25th. 

K. R. Srur.ey 
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Made in America 


Being a selection of American electronic equipment 
compiled from the 


with notes 
manufacturers’ data, 


and products, 


The Type 320-A Phase Meter 
(See above) 
HE type 320 phase meter is a 


completely electronic instrument 
for the direct measurement of the 
phase difference between two voltages. 

Direct readings of phase angle with- 
out ambiguity are indicated on a large 
meter which has four full-scale ranges 
of 360°, 180°, 90° and 36°. In addi- 
tion, 180° phase reversing switches for 
each channel are provided. The in- 
strument is designed for operation at 
audio and supersonic frequencies and, 
with some sacrifice of accuracy, may 
be used at sub-audio frequencies. Its 
operation is essentially independent of 
applied voltage, wave shape and fre- 
quency, and no adjustments, balances 
or corrections are involved. 

The operation of the phase meter 
is based on pulse methods. The two 
signals being compared are converted 
into two trains of short pulses which 
are located at the zero-axis crossings 
of the respective signals. The time 
displacement between the two_ pulse 
trains is indicative of the unknown 
phase angle. The pulse trains are fed 
into a  ‘“‘ flip-flop’’ circuit which 
measures the ratio of the time displace- 
ment to the pulse-repetition period. 
For a given phase difference, this ratio 
is independent of frequency, and the 


meter is therefore direct-reading _ at 
all frequencies within the operating 
range. 


Copies of a descriptive folder giving 
full details of the phase meter are 
obtainable from :— 

Technology Instrument Corp., 
Waltham, 
Massachusetts. 





RCA Subminiature Valves 
(Photo below) 


.C.A. has just offered to equip- 
ment designers a series’ of 

‘ subminiature ’’ valves consisting of 
four types—a power pentode 1AC5, a 
sharp-cutoff pentode 1AD5, a _penta- 
grid converter 1E8, and a diode-pen- 
tode 1T6. The 1AD5 and the 1T6 are 
illustrated. 

These four types provide a complete 
range for the design of compact, 
light-weight, portable receivers opera- 
ting in the standard a.m. broadcast 
band and having low A-battery drain 











—only 0.040 ampere per valve. 
Constructed with a_ glass-button 
8-pin base sealed to the glass bulb, 
these subminiature valves have a 
seated length of 14 in, and a diameter 

only slightly greater than in. 
Tubes Dept., RCA 
Harrison, New Jersey. 


The Radio Hat 
(Illustrated above) 


N ingenious portable local-station 

receiver has been designed by the 
American Merri-Lei Corporation in the 
shape of a tropical helmet, with the 
electronic components usually associa- 
ted with futuristic head-gear mounted 
prominently on top. 

The two valves—coated with a tough 
plastic for protection purposes—are a 
185 connected as a modified ultraudion 
(regenerative) detector and a 8V4 
pentode output feeding the single 
earphone. Power is supplied by an 
8 oz. battery pack which is carried in 
the pocket; a 22} volt H.T. battery and 
two 1} volt flashlight type cells, 
which should give twenty hours service 
on intermittent use. 

The weight of the Radio Hat is 
twelve ounces, and it sells in America 
for less than $8. 


American Merri-Lei Corporation’ 
Brooklyn, New York. 











Electronic Engineering 


August, 1949 


NOTES FROM THE INDUSTRY 


New Director of the National Physical 
oratory 


The Lord President of the Council | 


has appointed Professor E. C. Bullard, 
M.A., Ph.D., -R.S., Professor of 
Physics in the University of Toronto, 
to be Director of the National Physical 
aenaner. It is expected that Pro- 
fessor Bullard will take up the appoint- 
ment in January, 1950. 

Professor Bullard will succeed Sir 
re Darwin, K.B.E., M.C., Sc.D., 


British Standards Institution 


To deal with further expansion the 
British Standards Institution has just 
acquired new premises at 24-30 Gilling- 
ham Street, near Victoria Station, and 
its Sales and Distribution Department 
will shortly be transferred to that 
address. It was not possible to obtain 
suitable accommodation 
Street. 

The main offices, council room, lib- 
rary and five committee rooms will re- 
main at Victoria Street, and two 
additional committee rooms will be 


provided at the Gillingham Street 
premises. It is hoped that the re- 
arrangement will be completed by 
autumn. 


B.S.I. 1949 Yearbook 


The Yearbook of the British Stan- 
dards Institution, which has just been 
published, gives a subject index and a 
synopsis of each of the 1,500 Britisn 
Standards now current. These stan- 
dards have been prepared by represen- 
tative committees of 55 different 
industries. 

The Yearbook also includes lists of 
members of the General Council, the 
Divisional Councils and the Industry 
Committee of the Institution as well as 
other useful information about its 
work. Price 5s, post free, it can_be 
obtained from the Sales and Distribu- 
tion Department, British Standards 
Institution, 24 Victoria Street, Lon- 
don, S.W.1. 


New Department at Mullard 


Mullard Electronic Products, Ltd., 
are in the process of forming a new 
department at their works at Aboyne 
Road, Tooting, S.W.17, for handling 
vibration equipment for diagnosis 
and measurement purposes. 

he new department will be mainly 
technical in character and will give 
advice to prospective users on the most 
efficient methods of using this tech- 
nique. 
he marketing of vibration appara- 
tus which includes by agreement 
specialised equipment developed by de 
avilland Propellers, Ltd., will also be 
conducted through this department. 
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Television Link Terminal 


The 100 ft. tower shown in the photo- 
graph has been erected 7, Pirelli- 
General on the roof of Telephone 
House, Birmingham, to receive tele- 
vision signals beamed from London by 
the G.E.C, radio link. The top of the 
tower is 200 ft. above street level, and 
the structure weighs 12 tons. The 
paraboloids, each 14ft. in diameter, 
can be electrically heated in winter to 
prevent icing. 


Marconi VHF Installed at A.A. 
Headquarters 


A 60 ft. aluminium tower erected on 
the roof of Fanum House, New 
Coventry Street, headquarters of the 
Automobile Association, carries the 
dipole aerial of the Marconi VHF 
radiotelephone system by which the 
A.A. controls its night breakdown 
service in the London area. The 
additional height provided by _ the 
tower will increase the operational 
range of the VHF equipment, and so 
extend the radius of communication 
between Fanum House and the break- 
down vans. This will allow the Auto- 
mobile Association’s breakdown vans 
to extend their radius. 

Both the fixed and mobile equip- 
ments are crystal controlled and are of 
10 watts power output. They are as 
simple to operate as an ordinary tele- 
phone and provide constant communi- 
cation between the vehicles and their 
headquarters, and enable the vans to 
be directed immediately to the help of 
A.A. members in trouble. 


Midlands Television Aerial System on 
Test 


The sound and vision aerial system 
for the Sutton Coldfield station of the 
B.B.C. television service, which has 
been manufactured by Marconi’s Wire- 
less Telegraph Co., Ltd., to B.B.C. 
specification, is now undergoing tests 
at the Marconi company’s works at 
Chelmsford. 

This aerial system consists of eight 
dipoles which are fed by both the 
vision and sound transmitters through 
a combining unit. By this method a 
single aerial system can be used with- 
out mutual interference between the 
two transmitters. Under test the aerial 
system has been loaded with 85 KW 
vision and 12 KW sound power. 

An integral part of each of the 
dipoles is a system of channelling 
designed to carry away rain and, in 
order to test this system, the aerial 
array has been fully loaded with sound 
and vision power and a Fire Service 
hose used to play water over the whole 
structure for a long period. It has 
thus been subjected to a downpour, far 
in excess of anything it is ever likely 
to encounter after erection, with com- 
plete success. 

At Sutton Coldfield this aerial system 
will be mounted at the top of a 750 ft. 
mast. (See frontispiece.) 


Kelvin and Hughes, Ltd. 


The manufacturing activities of 
Kelvin Bottomley and Baird, Ltd., and 
Henry Hughes and Son. Ltd., are 
being transferred to their joint holding 
company, Kelvin and Hughes, Ltd., in 
whose name the factories at Hillington 
(Glasgow), Basingstoke and Barking- 
side will now operate. 

All future invoices should be 
addressed to Kelvin and Hughes, Ltd., 
and sent in duplicate to the factory to 
which the goods are delivered; state- 
ments should be sent direct to the 


Central Accounts Department, New 
North Road, Barkingside, Essex. 
Change of Address 
Steatite and Porcelain Products 


announce that as from July 4, they are 
transferring their London office to 
Victoria Station House, 191 Victoria 
Street, S.W.1 (Telephone No.: Victoria 
7715). 

The London office is established 
primarily for technical service in the 
London and Home Countries area, and 
no alteration is intended in their 
present organisation other than the 
change of location of that office. 
Correspondence should therefore still 
be addressed to their head office and 
works at Stourport-on-Severn, which 
deals with all inquiries, quotations 
and delivery queries. 
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NILO ALLOYS 


FORK CONTROLLED 


NILO K 
for seals in 
medium- hard 
boro-silicate 
glasses. 


NILO 48 
for thermostats 
operating up to 
450°C. and seals 
in certain soft 


glasses. 


NILO 42 NILO 36 
for oven ther- for clock pendu- 
mostats, lead-in lums, precision 
wires for lamps gauges, survey- 
and valves. ors’ tapes, etc. 


The Nilo alloys are nickel-iron and nickel- 
cobalt-iron alloys with small controlled coefficients of 
thermal expansion. 

Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 

Nilo 42 has a slightly higher expansion, but it holds this 
figure at higher temperatures than Nilo 36. 

Nilo 48 has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. 

Nilo K has a coefficient of thermal expansion similar to that 
of medium-hard boro-silicate glasses. These glasses, 
having good thermal shock resistance, are widely used in 
the construction of electronic equipment. 


*Nilo is a registered trade mark. 


For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HA/! 





GREENWELLS GLORY 


0 
SKY BLUE ZULU? 


We refuse to tangle 
with fishermen on 
the niceties of their 
piscatorial pastime... 
we’re too fly for that! 


But fishing is also 
a great Industry in 
which the use of 
electronics to pinpoint 
the exact positicns 
ef shoals of fish 
saves time and money, 
and sweetens salty tempers. 


The tempers of the 
Electronic and Elec- 
trical Industries will 
also be soothed by 
the performance of 
Parmeko Trans- 
formers—cast 
them a line. 






PARMEKO of LEICESTER 
Makers of Transformers for the Electronic and Electrical Industries. 


@ 
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Supreme 
Communications 
Receiver 


re 
\ commun! 


COMMUNICATIONS RECEIVER 
This high-grade communications receiver incorporates the most highly Saal 
developed techniques in modern receiver design. Five degrees of fj T/i 
selectivity, including a crystal gate and crystal filter are provided, and 
the sensitivity is such that an input of between 1-5 microvolts gives a \ 
signal/noise ratio of at least 10 dB over the entire frequency range of ° 

13.5 to 26 ke/s and 95 ke/s to 32 Mc/s. Separate power units for A.C. gd 10 

or D.C. operation are available. 

REDIFON LIMITED, BROOMHILL ROAD, WANDSWORTH, S.W. 18 


DESIGNERS & MANUFACTURERS OF RADIO COMMUNICATION & INDUSTRIAL ELECTRONIC EQUIPMENT "Phone: VANdyke 5691 
R.C. 203 









R.50 





Put them into suitable uniform—the 





protective, distinctive and distinguishing DELAFLEX 
insulating sleeving. This series of sleevings provides a good 
range both ‘of colours and internal diameters. We should 
like to equip you with samples and full information. 
Please give us the opportunity to do so. 


THOMAS DE LA RUE & CO. LTD., Plastics Division, Imperial House, Regent Street, London, W.1 











949 
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UNIVERSAL BRIDGE 
IMPEDANCE 


All laboratories using electrical 
equipment will find a ready use for 
S this Bridge, which is self-contained, 
portable, direct-reading and 
sufficiently accurate for most routine 
measurements. 


The bridge includes built-in standards, 
batteries, a 1000 ¢/s tone source for 
A.C. measurements, a zero-centre 
galvanometer null indicator for D.C. 
and terminals for head-phones for 
id 1000 c/s null detection. 


Inductance: 2uH to II0H. 
Capacity: 2upF to 1 10uF. 
Resistance 2mQ to 1.IMQ 
Power Factor: 0.0005 to 1.0. 
Q Factor: 0.05 to 1,000. 


Full data sent on request to:— 
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“a INSTRUMENTS LTD 130 UXBRIDGE ROAD, HANWELL, W.7 :  EALing 6215 
@ Visit the ELECTRONICS CENTRE, our London Showrcoms, 83 Piccadilly: MAYfair 4613 





DESIGN 
INFORMATION 


If you have a design problem involv- 
ing audio Attenuators or Faders, 
consult Painton. Our engineers will 
be pleased to assist in selecting suit- 
able units for specific requirements. 

























Long experience in building top 
class instruments for many of the 
foremost authorities is your assur- 
CENEAAL ASSEMBLY ance ; you cannot do better than 


consult a specialist. 
TYPE J ATTENUATOR We invite you to send us your 
f |. fae enquiries. 


ILLUSTRATION 


Ladder Attenuator, 20 steps, 40 db, 
690 ohms; accuracy 0.1 db to 40 Ke/s. 


> 


_ 4812 DIA 
*250'DIA 
TEL 


Agents in Switzerland : 
Arnold Kleiner, Zug. 


{ 
-— 


PAINTON & 60 LTO 
KINGSTHOARPE NORTHAMPTON 


TON 
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Of Interest 
TO ALL ELECTRICAL AND 
WIRELESS ENGINEERS 





THIS BOOK dealing with the magnetic 
properties of the nickel-iron alloys 
will be sent free on request. 

It contains information on: 


1. NON-MAGNETIC AND WEAKLY-MAGNETIC ALLOYS 
Non - magnetic ferrous engineering materials — 
Temperature compensation alloys. 





2. HIGH PERMEABILITY NICKEL-IRON ALLOYS 

General and historical—Early uses : cable loading 
— Further development: transformers, screens, 
dust-cores, etc., radar, specialized alloys. 





3. MAGNETOSTRICTION 
Generai— Echo sounding — Frequency control. 





4. PERMANENT MAGNETS 


Development: Alni, Alnico, Alcomax—Properties 
—Sintered magnets—Applications—Ductile alloys. 





Application should be made to: 





-/7| THE MOND NICKEL 
[ COMPANY LIMITED 








Sunderland House, Curzon Street, 
London, W.1 12/QA/3 
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=~ from the range 1@ instruments 


Model 44 SuBSTANDARD 


MULTI-RANGE METER 






A self-contained 
precision instrument for 
general laboratory use 
and for calibrating first 
grade single and multi- 
range meters. The 
accuracy on the 44 ranges 
is Substandard on d.c. 
and within + 0.5% on a.c. 
These meters are made 
with the greatest care and 
have been supplied for a 
number of years to the 
leading laboratories at 
home and abroad. 














ELECTRONIC INSTRUMENTS LTD 


17 PARADISE ROAD + RICHMOND - SURREY 



















naa 
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HERMETIC GLASS TO METAL SEALS 





Long experience of vacuum techniques enables 


Cathodeon to offer hermetic 
for Quality. 


COMPREHENSIVE RANGE INCLUDES 


Up to 10,000 Volts proof. 

Up to 20 A. continuous current rating. 

Convolutions on H.V. types giving longer leakage path. 
Hot tin dipped finish for ease of soldering. 

Ability to withstand pressures up to 100 lb./sq. in. 


Conformity with service 


seals unsurpassed 





specifications. 


CATHODEON LIMITED 
CHURCH ST - CAMBRIDGE 





TER 

















Mopern Servicinc MeTHop 





The ‘‘L.S.L.’ Servicing Method is a combined fault analyser and 
circuit tester; simultaneously capable of indicating all voltage, 
current and resistance on each valve electrode without removing the 
chassis from the cabinet. Readings can be taken whilst the set is 
under actual operating conditions The ‘*L.S.L.”’ Analyser is a 
combination of multi-range instrument and valve tester. 


PRICE: £18 . 18 . O Subject. 


THE “LSL” PORTABLE ANALYSER 


* Saves time and trouble. * Greatly increases Profit in the Service 
Department. * Is portable, can be used on the bench or in the home. 
* Is simple to operate. 





Send for further particulars 
from the sole distributors: 


(gneat eaitain) Limited 








WARTON ROAD, STRATFORD, LONDON. E.1S, 
Maryland 66 AND BRANCHES 


5°26 5: DUNSTANS HILL EC} 





Telephone 
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Five TELCON CABLES are 
scientifically designed. EVERY 
COIL is TESTED to ensure that the Imped- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledge and 
care in manufacture is a guarantee that 
Aerial Installations using TELCON TELEVISION 
CABLES are a source of maximum signal and 
satisfaction. There is a TELCON CABLE 
designed for every Receiver and for all 
reception areas—PT1IM Co-axial for high 
signal strength and AS 60M Co-axial for 
“‘ fringe’ areas are two examples. 


The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd 
Founded 1864 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 314! 


Enquiriesto: TELCON WORKS, GREEN WICH, S.E.10 
Telephone : GREenwich 329! 








Meet us at Radiolympia Stand 30 
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NEW EDITIONS OF RADIO GLOBE AND MAP 


IN An improved and enlarged version 
of our famous pre-war globe brought 
right up to date with new continental 


boundaries ‘and Amateur Radio Pre- 
fixes. The enlarged diameter (134” 


RADIO MAP of WORLD gently increases “map prem, aaa 


INDISPENSABLE FOR THE RADIO  ompass fitted in the base makes 
“ SHACK ” correct orientation simple. Invaluable 


f 1 for quick location of unfamiliar calls 
ggg — pnaagy = Bil pen Pg g oe and a handsome adjunct to receiver or 
national prefixes, also indicates the time of transmitter. Price 47s. 6d. to callers. 
day for the world. Originally printed in 1936, sos. by rail. 
many thousands of radio men have proved its 
use time and time again. 

















ENTIRELY NEW PRINTING 


with revised and up-to-date Call Signs pre- 
fixes, coded to country and time-zones, com- aire 
bined with im —~ printing in multi-colours. ; 
Printed in full colours on heavy white paper, i 
size 40 in. X 30 in., price 4/6, plus 6d. postage. 





(Also on heavy linen rollers, 
price 11/6, plus 9d. postage) i* 






Up-to-date in 
every detail 
This Map is drawn on an azimuthal projection and ;¢ 
looks strange to those accustomed to Mercator’s 
projection, but, giving directivity and Great 
—_ ane a yn functions io 
radio men that the original map cannot do 
Printed on the margin is an index to Call Signs Telephone: GERrard 2089 
and fuli explanation of use of time-zones and . ae 5 2 nai Note our Shop Hours: 9 a.m. to 5.30 p.m. 
“* Great Circle” projection. ‘ on ss 3 SA —— t Sat: 9 a.m. to | p.m. 


WEBB’S RADIO, 14 SOHO STREET, 
OXFORD STREET, LONDON, W.1I. 

















RELAYS 


AND 


SWITCH KEYS 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 















































Types 600-3000 Relays — _ Also High Speed f 
Rotary Selector Switches, Carbon Insets, Balanced Armature Insets, MOULDED RUBBER PARTS 
Plugs, jacks, Condensers, Co-Axial Cables Enquiries are invited from the Engineering, 
; Electrical and Motor Industries for Special 
JACK DAVIS Moulded Parts in Natural and Synthetic 
Dept. E.E ‘ ae (2 os Compounds. 

30 PERCY STREET, LONDON, W.I ~~ im = Ti 
Telephone : MUSeum 7969 The Harboro’ Rubber Co. Ltd. Market Harborough. (== of 
gis 
TALON y |: 
AMBIT] ENGINEERS : 
HAVE YOU HAD YOUR COPY OF TI 

* ENGINEERING OPPORTUNITIES ”? 
Whatever your age or experience—you mus read this highl: on 
informative guide to the best paid engi ts. The hai ve highly ele 
AMLML, AMBCtLRE- and other important Pagincering a 
’ » and other im 
Examinations, and outlines home-study courses in all branches of ali 

ve ‘ al ee ae, nnn o" 

eronautica le ernmen 7 
Seenkinnnciitn, ‘Building and Plastics, a Employment, ps4 


We Guarantee 
‘‘NO PASS — NO FEE’’ 
If you are earning less than bd ned ee i 
reading “ Engineering It tells you 
yOu want to know to secure your four Write in ning 
guide to well paid posts NOW— FREE and without 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY R I E T 
337a, Shakespeare House, !7,18 Stratford Place, 


London, W.!. 





ELECTRO - CERAMIC INSULATORS & REFRACTORIES 


EINE ER IRS 





RADIO & ELECTRICAL 


TELECOMMUNICATION GEO. ‘BRAY & co. LTD. 
TRADES ‘ : ns Sa 
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MAP Two outstanding advantages .. 


e This bridge not only measures balanced or 
unbalanced impedances with equal facility, but also 

has the merit of extremely low impedances 
a\\ looking back into the terminals and from the 
\ \ terminals to ground. It provides, at radio 










\ 
»\\ frequencies, the range, flexibility and stability 
: of an audio-frequency impedance bridge and, 
having a neutral terminal available, it 
permits the measurement of three-terminal 
networks. A high degree of accuracy is 
maintained throughout the full frequency 
range. 

















Wayne 


THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY * MALDEN 2202 


RADIO FREQUENCY BRIDGE B60! Kerr 


REET, Capacity: 0°01 pf. to 20,000 pf. in five ranges. 
. Resistance : 10 ohms to 10 megohms—6 ranges. 
Inductance values which will resonate the above 
capacities between 15 Ke/s and 5 Mc/s. 

Direct reading accuracy is constant to within 1% 
up to 3 Mc/s and may fall to 2% at 5 Me/s. 


i, 















Typical of Clix leadership is their Fluon Fluon resists temper 
insulated valveholder—the only one of its kind which m 

effectively meets the stringent requirements of the B.7.G. \Vium copper” 
glass-based valves. Its exceptionally close dimensional Bery 


tolerances made possible by the Clix method of moulding Fluon wee 
the Polytetrafluoroethylene insulation entirely obviates the 
necessity of wiring jigs for making solder connexions. 


The silver-plated Beryllium Copper Contacts are specially designed to require 
only a small amount of distention when the pins are inserted to produce a good 
electrical connexion. Undesirable capacitances and inductances are reduced to 
a minimum, yet the flashover gap is increased. Valve breakage through mis- 
alignment is avoided. 


THE CLIX B.7 G. (Button 
Base) VALVE HOLDER 


With Fluon (P.T.F.E.) 
Insulation with or with- 
out skirt and screening 
can. Made to meet the 
most exacting conditions 
required in all types of 
Radio, Radar, Tele- 
vision, Inter-Communi- 
cation and Electronic 
Equipment. 


J 
F 
ny 
hi 
ok 
E., 
‘of 
nd 
nt, 
tc. 


We manufacture a wide range of stock components for the Radio, Electronics and Television industries, 
also special comp s designed for individual specifications. 


BRITISH MECHANICAL PRODUCTIONS LTD. 
(In association with General Accessories Ltd.) 


21, BRUTON ST., LONDON, W.I. 











i; = Peas 
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200.000.000 


. . In continuous operation for more than 
10,000 hours without the ultimate vacuum 


0.005 mm. Hg. and without valve plate 
OPE R A H IONS renewal after over 500,000,000 operations. 





* With the introduction of additional pumps, a 
new designation has been adopted. The prefix 1S 
or 2S denotes single and two-stage pumps respectively 
followed by a model number based upon the approxi- 
mate displacement in litres|/minute at normal speed 


W. EDWARDS 


& CO., (LONDON) LTD. 
LOWER SYDENHAM, LONDON, S.E.26 


This performance record (equivalent to 
over four years normal running) from our 
life-testing laboratory is typical of the entire 
range of ‘ Speedivac ’’ high vacuum rotary 
pumps. 


” 


The design and construction of ‘* Speedivac 
pumps has been our speciality for many 
years. Whatever your needs we can meet 
them .. . quickly . . . with a standard two- 
stage or single-stage type. 





| Single- Sadan | Two-Stage 
New Designation | 1S50 1S150 2S50 
Free Air Displacement. Litres Min. at | 
Normal Speed 450 r.p.m. ... ae 48 | 144 | 48 
| Final Vacuum (McLeod Sonne) mms. Better than 
ll .005 .005 .00005 








9 - 
G. oa ha ctirvies se 


Telephone : SYDenham 7026 (8 lines) 
Telegrams : EDCOHIVAC, Souphone London 








C.R. TUBES £ 
Mose de paige ti. es ‘bi puts iis sa Se 
CRM 92 Long 9 oe) ae he a the 11 
CRM 121 Standard 12 in. ... rs a sos oie 
G.E.C. 6501 Flat screen 9 in. oe sai ous bes aig 
FERRANTI Flat screen 12 in... as pas Salk von aa 
“ W.W." TRF Televisor coils complete a = i 2 
.». __ Superhet coils complete — ... we sas a ke 2 
BELSOL. Polystyrene cement : / oz. oe ; = a 
tle 
RECTIFIERS. UU8, 451U, ze Uib/20 
ELSTONE MT9 — x{ransforme 
500-0-500V. 250mA: 6 aor. "63V. BA.CT.5SV: 3A... 
— : Hy. ean. 10 Hy. 80mA., 13/- 
0 Hy. 150mA., io. 200 Hy. 60mA., 18/6 
SCANCO EHT Transformers, new and improved te: a 
s. 
5KV. for 12-in. CRT... ip ae 300 
4KV. for 9-in. CRT bat sie so 280 
»g coils, line and frame : ie we Be a 
— output transformer. 
Focus coil, series type, 150mA, ... Q me ie 8. 
Focus coil, shunt type, 45mA. bi Aaa wel as 
MASKS—|2 i in. — 21/6 12 in. ~ Sot 18), 
lac 


11/3 
TUBE MOUNTING STANDS i in wood, for Sin. or 12-in. tubes 16 
ALL “‘ E.E.”” TECHNICAL BOOKS IN STOCK 


= a 
NONANAH: 


i) 
— 
“I Gr 





— 
onan 





os 





18, TOTTENHAM COURT ROAD, LONDON, W. 


Tel. MUSeum 2453. Shop Hours: Mon. to Fri. 95.30. Sats.9—I. 


a 


—_— 
a WOMKeADMUNCOWoco? 


— 


The Component Specialists now offer 


TECHNICAL SERVICE 


For Television and Radio (including “ E.E.’’ Designs) 


A CL PHONE OR STAMPED ADDRESSED are WILL 
IG FREE EXPERT ADVICE TO YOUR PROBLEMS. 
A SELECTION OF OUR WIDE STOCK IS SHOWN BELOW 


Fresh stock of can-type Electrolytics. All 500V. B.I, Callenders. 8uF., 2/6. 
8-8uF., 3/6. aes 5/-. l6uF., 3/3. rs 5/6. 4uF., 2/-. 
DUBILIER. 16-24 a, 5/6. 4uk., 2/- 


Coax. Cable 4 in. dia. 80 ohm bee ee ~ “A i 1/- per yd. 
Coax. Cable # in. dia. 80 ohm ~ ae We a oy 1/- per yd. 
Twin Telcon Poly Feeder, 80 ohm ne i hi ae 6d. per yd. 
Sleeving, 2 mm., all colours se és sts Be ee 2d. per yd. 
High voltage cable, roof test. ea . ~ ode 1/- per yd. 
Single push-back 22 S.W.G.., all colours * sa a ee 2d. per yd. 

‘aveform Generators, 34 + 65, less valves he nes on 7/6 
Receiver Cabinets, brown bakelite (callers only), 17i in. X 12 in. < 7 in. 7/6 
10-in. Truvox Loudspeaker, 3.0-ohm coil.. ia eae ane ie 22/6 
ag R. & A. Loudspeaker, 3.0-ohm coil . jee Pi H a 17/6 
5-in. Goodmans, with 7K. ohms. transformer. mn as Bo 16/6 
34-in. Johnson & Phillips, less transformer, 3.0 ohms ng ae ae, 12/6 
2h-in. Celestion, less transformer, 3.0 ohms ae * aes se 19/6 
14/36 PVC wire, assorted colours, 100-ft. coil... a - se 1/9 
9/012 omg covered, ideal for aerials, — coil on ao im 1/6 
Jones plug, 6, 8, 10-way sak aa bes sa ... 6d, each 
Jones soc ets, 6, 8, 10-way io ste we ne at ... 6d. each 
Belling & Lee plugs, 7 and 10-way os 5 Sis me ... 9d, each 
Belling & Lee socket, 7 and 10-way Bs BS ae nad ... 9d. each 


HEATER TRANSFORMERS, (All new and eeeteet, ) 
2 volt 2amp. Pri 230V. 50 c/s. Size 38 in. x 14 in. X 2 in. ; 9/6 
4volt C.T., 1.75 amp. Pri. 230V. 50 c/s. Size 3% in. X 14 in. x 2in. 10/6 
4volt 3amp. Pri. 210/230/250V. 50 c/s. Size 22 in. X 2}in. X 2}in. 18/6 
6.3 volt 1.5 amp. Pri. 230V. 50 c/s. Size 14 in. X 24 in. X 2 in. 


ves 9/9 
6.3 volt 1.5 amp. Pri. 230V. 50 c/s. Size 2} in. X 34in. X 24in. ... 15/- 
(Postage 1/- extra) 

SURPLUS VALVES. (All new and boxed.) 


Midget 7-pin series—!T4, 184, 1R5_... - alas o des 8/6 
Standard range: 524, 6K8, 6K7, 6V6 an “e a 8/6 each 
MONRO so ais: iss hay Seal, 

(EL32 7/6 





FULL POSTAL FACILITIES. PLEASE ADD POSTAGE. 





deteriorating from the specified value of 
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4 


e 
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acuum 
ue of 
plate 
itions. 
nt to NV C.P.20A 


—_ 15 WATT AMPLIFIER 


















entire 
rotar for 12 volt battery and A.C. Mains operation. This improved version has switch 
y change-over from A.C. to D.C. and ‘* stand by ’’ positions and only consumes 5} 

amperes from 12 volt battery. Fitted mu-metal shielded microph transformer 
for 15 ohm microphone, and provision for crystal or moving iron pick-up with tone 
control for bass and top and outputs for 7.5 and 15 ohms. Complete in steel case 

ivac with valves. 

many As illustrated. Price £28.0.0 

meet . 

is, A.D. 47 10-valve Triode Cathode Follower AMPLIFIER 
For this recording and play-back amplifier we claim an overall distortion of only 
0.01% as measured on a distortion factor meter at middle frequencies for a 10 watt 
output. The output transformer can be switched from 15 ohms to 2,000 ohms 
for recording purposes, the measured damping factor being 40 times in each case. 

Full details on request. a 
tage “SUPER FIFTY WATT” AMPLIFIER complete in case. EXPORT 
0 Price 364 Gns. ENQUIRIES 

RECORD REPRODUCER AMPLIFIER complete in case. INVITED 
3 Price 254 Gns_ 
sian ‘“ THIRTY WATT ’’ AMPLIFIER complete in case. Price 304 Gns. 
105 
VORTEXION LTD. © winsicvon, sw.to 
* WIMBLEDON, S.W.19 





Telephones : LiBerty 2814 and 6242/3 Telegrams : VORTEXION, WIMBLE, LONDON 


























| ALL-POWER 

s) CONSTANT VOLTAGE POWER SUPPLIES 

LL 

‘ SPECIAL LABORATORY UNITS 

vd. 

yd. 

. This forward mounting Rack Unit, illustrated 
+ with cover removed, provides a constant output 
"6 voltage of 300 D.C. at any current up to 600 mA. 
6 The output impedance is a fraction of an Ohm, 
+H and the residual output ripple is less than 2 mV. 
i8 This is only one of the many special Power 
ch Supply Units we are making to customers’ 
ch requirements. 

t 

/6 

i ALL-POWER TRANSFORMERS LTD. 
ra) Instrument Dept., Chertsey Road, Byfleet, Surrey. 
ms Tel. Byfleet 3224-5. 

/6 
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ELECTRONIC EQUIPMENT FOR INDUSTRY 


INEXPENSIVE PHOTO-ELECTRIC EQUIPMENT 


Control Unit Type E.P.U.1 
A newly developed compact, 
self-contained unit which will 
make or break a circuit carry- 
ing 5 amps. at 230 volts 50 cps., 
when the light beam is 
obscured. 


Write for a copy of our booklet 


BRITISH ELECTRONIC PRODUCTS 





aL) 


Light Source Type L.S.U.I 
A mains-operated unit for use 
with the E.P.U.1 over dis- 
tances up to |0 feet. 


Light Source Type L.S.U.2 
A similar unit to the L.S.U.I, 
but for distances up to 25 feet. 


** Electronic Equipment for Industry ”’ 


LTD. 


(f-7 : (Lo : a 
Oleclicnte Onyneeis a, Sndiistiyy 


RUGELEY 


STAFFS 


° PHORE 








xy! 








UNITED INSULATOR COMPANY LTD - 


Cables: Calanel, Surbiton 





TOLWORTH 





RUGELEW 371 












LE 


SURBITON 


Telephone: 





- SURREY - ENGLAND 
Elmbridge 5241 
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Y More sensitive : BA | N 


than headphones 
VISUAL 





jt Alternative input 
i” | impedances NULL 
is- 
INDICATOR 
Robust 
2 
1 Inexpensive For 
" A.C. BRIDGES 
40 c/s to 
20 Ke/s 


Operates on A.C. mains 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone : DARTFORD 2989 


QUALITY COMPONENTS SPECIFIED FOR 
WODEN “ ELECTRONIC ENGINEERING ” 
HOME BUILT TELEVISOR 











> PECCEEEEEEEEEETE Tae 





E.H.T. TRANSFORMER, POTTED TYPE s. d. 
4 KV. 5mA. 0-2-4V 1.5A. see ose bse ose ove Ba «. Price 65 0 
MAINS TRANSFORMER, POTTED TYPE 

350V-0-350V 250mA. 6,3V 6A. 4V 8A. 4V 3A. 0-2-6.3V 2A. ose «- Price 98 6 
SMOOTHING CHOKES 

5 Hy 250mA. ... és a ia wea ee" was inns «. Price 29 0 
10 Hy 80mA. _... Se ae Soo ais oes ose nai -. Price 17 0 





We also manufacture transformers from IOVA to I00KVA for 
all types of Electronic Equipment. We are pleased to co-operate 
on any special designs required, and we already supply many 
prominent manufacturers. 

The Transformer shown is typical of our larger types. Rated at 
6,000V 30KVA, it is designed for R.F. Heating Equipment. 











Send for latest Catalogue to: 


WODEN TRANSFORMER €O L™ 


MOXLEY ROAD - BILSTON - STAFFS TEL: BILSTON 41959 
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TYPES. h 

THE LOWEST EVER Fit tya listo. 
CAPACITANCE OR [az [vais tostose 
ATTENUATION [ A34/ 73 [06 /1.5 [oss 
IMMEDIATE TS |a0fh| Onas| | OD" 
DELIVERIES C4 | 73 | 150) 25 10.36 
4OR HOME PCA [410.2 / 132] 3.4 10.36 
re & EXPORT i CH | 6.3 | 173| 3.2 10.36 
apele ona fy vette ef C2 | 6.3 | 171 | 245/0.44 
C22 5.5 | 164| 2.8 [0.44 
oF. RADIO Om C3 | 5.4 | 197/ 1.9 [0.64 
, C33 | 4.8 | 220] 2.4 |0.64 
44 | 44 | 252/24 11.03 























LAMINATIONS 


FOR 
ALL RADIO AND ELECTRICAL USES. 


IN SILICON, DYNAMO, INTERMEDIATE 
AND TRANSFORMER QUALITIES. 


PERMALLOY, MUMETAL, RADIOMETAL. 
SCREENS FOR ALL ELECTRICAL USES. 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. 


GENERAL PRECISION ENGINEERS. 
SHERARDISING TO THE TRADE. 
ELECTRICAL SOUND & TELEVISION PATENTS LTD. 


12 PEMBROKE STREET, LONDON, N.!I. — TERminus 4355 
2/4 MANOR WAY, BOREHAM WOOD, HERTS. — ELStree 2138 














A NEW B.P.L. INSTRUMENT 





THE VOLTASCOPE—A combined valve-voltmeter and 
oscilloscope. VALVE-VOLTMETER — Infinite Input 
Resistance for D.C. ranges 0 to 300 volts. A.C. ranges 
0 to 150 volts in 5 ranges. 34-inch scale meter. 
OSCILLOSCOPE—3-inch screen tube provided with 
balanced amplifiers for Y and X plates giving a 5 times 


trace expansion. Maximum sensitivity 150mV/cm. 
Response from D.C. to 100 Ke/s. 


Limited quantity available for early delivery. 


BRITISH PHYSICAL LABORATORIES 
HOUSEBOAT WORKS, RADLETT, HERTS. 
Tel: Radlett 5674-5-6 


AUSTIN LG 


GOES TO SEA 


















The Austinlite 
Rotary Switch is 
part of the equip- 
ment of the new 


Bridlington lifeboat. 


Send for folder 

giving full particulars 
of this heavy-duty 
30 amp. switch. 


AUSTINLITE LIMITED (A Subsidiary of Chance Brothers Ltd.) 


Dept. A5, Lighthouse Works, Smethwick, 40, Birmingham. 
Telephone : West Bromwich 1051 
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CONSISTENTLY 


PULLIN 


INDUSTRIAL 
MEASUREMENT 


Linear Scale  Bridge- 
type Ohmmeter, with 


ress key, designed for . ‘ 
hor ccedeamen testing E.H.T. from standard line scanning 


of all resistive components. mers without an 
For battery or A.C. mains ouput transforme y 
operation. (A.C. mains alteration ! 

Operated instruments. are 


compensated for voltage ; 36EHT Three type 36EHT35 units 
variations up to — 15%.) Simply add three type vent 








: . : : ircuit. Simpl each 2} in. by ¥% in. give 

- and ye ca er eprom arene rectifiers ina tripler circuit Simp e about 6KV at 100A from 
Input trial use. Available as single ... efficient ... reliable . . . suitable a peak pulse input of 
anges or multi-range. for all sizes of tube. approx. 2,500 V. 
neter. Standard pattern four-range | 

; Series 85 Industrial instrument reading 0/10, Write for D.S.60 to Dept. E.E8. 

with Bench Type Ohmmeter 0/100, 0/1,000 and 0/!0,000 

times ohms ; thirteen other models BAA PRAUB"S uve 
V/cm. available. 


Address all enquiries to e< TALT y = 


MEASURING INSTRUMENTS (PULLIN) LTD 36EHT METAL RECTIFIERS 


TES Electrin Works, Winchester St, London, W.3 
Telephone: ACdra 40513 2495 GDB | westinenquse paakes somal co. trp. 








MEEPING THE VOLTAGE 
UNDER CONTROL 







FOR VARIABLE VOLTAGE 
Berco ‘‘Regavolt”’ infinitely variable 
transformers can be used to obtain sé a 
a variable voltage independent SF; ee Fe yea 
of the load. A wide range of : ZF ZF ulna, ao Zeal 
standard models for single 
and three phase systems are 
available—ideal for testing, 
research, and industrial 
purposes. 


FOR CONSTANT VOLTAGE 
The Berco/B.P.T. single phase and 
three phase voltage stabilisers main- 
tain a constant voltage from a 


fluctuating supply regardless of fluc- OTHER VOLTAGE AND CURRENT 
tuations in load, load power factor, 
and normal frequency variations. REGULATING EQUIPMENT 


te models available from 3 to Laboratory and Industrial sliding resis- 


British Patent No. 569671. Manu- tances. Vitreous enamelled resistances. 


factured and sold under licence : 
from British Power Transformer Rotary rheostat potentiometers. Stud 


Co. Ltd. switches. Control knobs. 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
ve Peete QUEENSWAY, PONDERS END, MIDDLESEX 


AAOV. Stabiliser 30 kVA. Telephone: Howard 1492 Telegrams: ‘‘Vitrohm, Enfield ’’ 





BERCO hand-operated 
Single phase Regavolt. 


‘older 
ticulars 
vy-duty 
tch. 














B.R.3082-THK 























AERIALITE 
COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
possible. Send for list of the full range of 
AERIALITE R/F Cables and Feeders. 
THE D.P.O. MODEL 50—A _ new television 
Aerial. The best Aerial on the market at the lowest 
price. Available in two types—‘‘ London ’’’ and 
“* Midlands,”’ and made up for three different styles 
of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. Easy 
Erection, Strength, Broad Bandwidth, 47/6 


{IH 





mI 


i 


——s Rigidity. (Prov. Patent 26255/48.) 


Rerialite.. 


————— CASTLE WORKS,  STALYBRIDGE, 


for details of all AERIALITE Products. 








BROWN -E.R.D. 13 inch Portable Disc Recorder 
An important S. G. Brown product 





DISC RECORDER 


Incorporating the latest advances 
in Sound-on-Disc Recording 


Write for interesting brochures presenting full technical 
details of this latest development in Sound-on-Disc record- 
ing. Also 17 inch models for the Professional user. 


S. G. BROWN, LTD., Shakespeare St., WATFORD 


Established in Electro Acoustics and high precision Engin- 
eering for over 40 years. Manufacturers of the world- 
famous ‘ BROWN ’ Gyro Compass. 


Telephone : WATFORD 7241. 





Wi 


CHESHIRE. 


Send for our booklet ‘‘ Bring the World to your Door ”’ 


TOWN ss E, R. D, 


August, 1949 


ELECTRONICS 


IN INDUSTRY 


@ POSTAL COURSE. E.M.I. Institutes, 
an associate of Britain’s largest group of Elec- 
tronic Companies (“His Master’s Voice”’, 
Marconiphone, etc.), have prepareda POSTAL 
COURSE specially suited to the needs of 
Industrial Executives and Technicians as well 
as to those of students. 


@ WRITE FOR FREE BOOKLET giving 
full details of this and other Postal and 
Attendance courses. 


@ ADVICE ON INDUSTRIAL ELEC- 
TRONIC PROBLEMS. An experienced 
consultation service is available to those who 
have problems of production or research 
which might be solved by Electronic methods. 


E.M.1. INSTITUTES @ 


DEPT. Il 43 GROVE PARK ROAD, CHISWICK 
LONDON, W.4. TELEPHONE: CHiswick 4417/8 











E.11 4a | 








DRAYTON MOTOR UNITS 


R. Q. G. 
GEARLESS MOTOR UNIT 


A min:ature capacitator induc- 
tion type motor running at 2,700 
r.p.m. Normally supplied with 
built-in fan, condensor mounted 
onfancover. Motor can besup- 
plied totally enclosed, condensor 
separately mounted. For contin- 
uous or intermittent running in 
either direction or continuously 
reversed. Torque: 1.75” oz 
















Mitac. 





R. Q. R. 
GEARED MOTOR UNIT 


The R.Q.R. is a compact, self- 
contained component, consisting 
of the R.Q.G. motor geared to a 
final shaft. Supplied for con- 
tinuous or intermittent running 
in either direction, with or without 
self-switching. An additional 
two-way switch is fitted, actuated 
by the final shaft, for operating 
auxiliary gear. Final shaft speed : 
27m.p.r. to 600 r.p.m. Torque 60” 
Ibs. to 3” Ibs. according to speed. 





Supplied for Voltages 100/120 or 200/250 A.C. 50 cycles. 


R.Q. 8 


Send for List No. M 302-3 


DRAYTON REGULATOR & INSTRUMENT CO. LTD., 
WEST DRAYTON - MIDDLESEX. West Drayton 261! 














Wi 


Ch 
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en —— = = , —————— ho a 
| T 2-6 KV Unit at | ? ANEL feos 

E H a3 ' 15 . 0 ean 3% | fe ? . > 
| Complete. MOUNTING 


| RF EHT UNITS INSTRUMENTS 
1 











































SUITABLE FOR ALL Mad ial 
ade to specia L | 
: | ELECTROSTATIC AND | requirements if teal 
4 ELECTROMAGNETIC | desired. In sizes 2", 24" & 34" 
# | CATHODE RAY TUBES, | ty — 13" prowersnue 
| GEIGER COUNTERS, | Co Cee: 
| INFRA RED IMAGE | sciiaiiih 
. | CONVERTERS, Etc. Etc | Ae tas 
P | nee IV—10kV Skeleton Type—Fully 
| Coils and Units available to 25KV. | 254A -100 Amps. Tropicalised pom Panel 
" | omer | D.C. From:— Mounting—For Labora- 
j Trade Supplied. 5mV—l0kV tory Use—For the 
0 | 54A-5000 Amps. Manufacturer. 
a HAZLEHURST DESIGNS LTD., | Write for illustrated 
. | folder and price list 
| 186, BROMPTON ROAD, | of complete range. 
| | UJ iJ 
) RADIOLYMPIA —*AIGHTSBRIDGE, = Uctoria Inatrumen2 victorin INSTRUMENTS 
SEPT 28- OCT 8 LONDON S ¥ 3 | uncommordy well, Proprietors: V.1.C. (Bournemouth) Ltd. 
| Contr il MIDLAND TERRAGE * LONDON - N.W.10. 
; nga: Ee | Telephone ELGar 7871/2 
11 4a 





_ | POTENTIOMETERS WE OFFER 


A large range of used and new Test 


Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc, 
All guaranteed and at very attractive 

















IT prices. 

am We buy good modern used equip- ry r) 
| with ment of all types for spot cash. 

unted 1qul 
esup- UNIVERSITY RADIO LTD, 

, 22 LISLE STREET, LONDON, W.C.2. 

‘ously Tel. GER 4447 and GER 8582. 


~ OZ. 


Silver 


IMMEDIATE DELIVERY OF GRADES 
FOR METALLIZING 








L.T.P. REWIND SERVICE 





CERAMICS, MICA, 

















All rewinds are GLASS & PLASTICS 
Wire wound and Composition types Layer Wound, Vacuum impregnated, 
Single, Ganged, Tandem Units.” Pressure tested at 2,000 volts 
AME : ? and guaranteed for three months. All Enquiries to our NEW ADDRESS— 
Characteristics: linear, log, semi-log, 48 hour service. 
non-inductive, etc. 42, TOWNGATE STREET, 
Full details from Enquiries: 
IANC London Transformer Products Ltd. POOLE, DORSET 
a a Pan E ut Baad . me L.T.P. Works, Cobbold Estate, 
QQ. anufacturing oO. outhwa . 
o— Sutherland Rd., Higham Hill, Walthamstow E.17 Willesden, London, N.W.10 Tel ephone No. Poole 124! 











ID., Telephone : LARkswood 3245 j Telephone WiLlesden 6486 
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NSFORMER 
Way SPE C/AL/SAT/ON 


We specialise in satisfying the requirements of 
National and Medical. Research Establishments. Many of your 
needs may be met from the Standard range of ‘Somerford ”’ 
Transformers and Chokes which are available by return. In 
addition to these we have our extensive range of special duty 
types and we shall always be happy to advise on the most 
suitable component to meet any specific requirement. Drawings 
‘of the various mechanical constructions available may be had 
upon request and specialised windings are carried out »Y our 


own skilled technicians. 


The photograph shows six of the series 
2 Twynham 


| Hengist 
5 Somerford 





Industrial, 


3 Avon 4 Burley 
6 Hermetically Sealed E.H.T. 





ARDNERS RADI 0 
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Weston 


DYNAMOMETER 
SUB-STANDARD 
INSTRUMENTS 


This latest development of the well- 

known ‘ Weston ’ sub-standard 

Wattmeter is made in three models, 

each of high-grade dynamometer 

type, designed for a wide range of 

precision measurements. The 

standard series is particularly suitable for meter standardisation and for use as a 
transfer standard between A.C. and D.C. circuits. Type 2 is recommended for low 
power factor circuits and Type 3 for higher power frequencies. Similar in size and 
design, each is housed in a lightweight Bakelite case, with easy reading 6” scale, 
knife-edge pointer and anti-parallax mirror. The moving element is fitted with 
spring-loaded jewels, double magnetic shielding is employed and each instrument 
carries a certificate of individual performance and guarantee of accuracy to 0.25%. 
Ample voltage and current ranges are available by simple switching which can be 
safely applied when the instrument is on load. Model S67 (as illustrated). Size 
11” x 94” x 63”. Weight 10 Ibs. (approx.). 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX. 
Telephone: . ° * - ENField 3434 (6 lines) & 1242 (4 lines). 
ottish Factory : Port Glasgow, Area Depots : = St. Vincent Street, = Booth Street, Milburn House, 33 Princess Street, 


Renfrewshire, asgow. anchester. Newcastle-on-Tyne. Wolverhampton. 
Scotland. Tel. : Central 6208. Tel.: Central 7904. Tel. : Newcastle 26867. Tel. : me 





Standard condenser technique 


now reduced to 





HIGH 
INSULATION 
RESISTANCE 





Two layers of 


LOW POWER nee 
FACTOR dielectric 





HEN size is the limiting factor, T.C.C. can 
supply the answer. Here, in the new Metalmite, 
is a real paper and foil condenser magically reduced to 


In aluminium. 
tube 


Lilliputian dimensions. Specially built to withstand wide 
temperature variations between ~40°C to +100°C, and 








Mp 





conditions of high humidity. 
Its sturdy, rugged construction 


makes it ideal for use in port- o = 

able transmitters and receivers New wituctaitwre 

— also for deaf aid equipment. 

In capacities from ‘0002 mfd. 6 & 
volts D.C. — full details on 

request. 


THE TELEGRAPH CONDENSER CO. LTD 
RADIO DIVISION: NORTH ACTON, LONDON,'W.3 - TELEPHONE: ACORN 0061 
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